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VERY radiotherapist who has had ex- 
perience with supervoltage equipment 
is ready to state that it is superior to con- 
ventional equipment in the treatment of 
several groups of cancers, but at the same 
time, he is unable to substantiate his state- 
ment with figures. The ease of delivering 
adequate doses with less discomfort to the 
patient and the strikingly mild skin reac- 
tions are always cited. How those advan- 
tages materialize in increased survival rates 
or even in lengthened survival times is yet 
to be statistically demonstrated. Large 
series of cancer of the lung and esophagus 
treated with supervoltage therapy have 
failed to show any appreciable improve- 
ment in results when compared with con- 
ventional therapy, provided that compara- 
ble clinical material has been evaluated. 
No local form of therapy can affect the 
course of disseminated cancers. Cancers 


which are potentially limited to their pri- 
mary site and regional lymph nodes are 
more suitable clinical material for testing 
the effectiveness of supervoltage therapy. 
Some stages of the carcinomas of the uter- 
ine cervix, of the urinary bladder, and of 
several sites in the head and neck fulfill the 
requirement of potential curability or, at 
least, long range control. 

The squamous cell carcinomas of the 
head and neck, such as the early or moder- 
ately advanced tumors of the anterior two- 
thirds of the oral cavity, are best treated by 
interstitial radium therapy, intraoral roent- 
gen therapy or one of these two methods 
combined with external irradiation. 

The squamous cell carcinomas of the 
palatine arch are also, if early, amenable to 
intraoral roentgen therapy or, in the case 
of the anterior faucial pillar and retromolar 
trigone, to interstitial radium therapy, 
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alone or combined with external irradiation. 
However, the more advanced tumors, 
which cannot be covered by intraoral cones 
or interstitial radium implants, are best 
treated by external irradiation alone. These 
tumors constitute, therefore, a worthwhile 
group for testing the clinical effectiveness 
of supervoltage versus conventional 250 kv. 
therapy. 

The tumors of the oropharynx proper 
(tonsils, glossopalatine sulcus, base of 
tongue and pharyngeal walls) have not 
been successfully treated with conven- 
tional voltage because external irradiation 
is essentially the only possible form of 
treatment. The results have been poor; 
poorest for base of tongue and pharyngeal 
walls, slightly better for tonsils. Two fac- 
tors influencing end results are beyond the 
control of any local form of treatment: (1) 
death from intercurrent disease in a group 
of patients with an average age between 
sixty and sixty-five (approximately one- 
third are above seventy and some are above 
eighty); (2) the tendency to early and wide- 
spread metastases—especially for the base 
of the tongue, slightly less for the tonsils 
and appreciably less for the pharyngeal 
walls. 

The lymphomas, usually reticulum cell 
sarcomas, which respond well to ortho- 
voltage, and the tumors of salivary gland 
origin, which should be treated surgically, 
are excluded in evaluating the end results 
in treatment of oropharynx cancer by 
supervoltage. 

Although supervoltage roentgen therapy 
has been in clinical use since 1932, there is 
a paucity of data in the world literature on 
its effectiveness in oropharynx tumors. 
Several authors !~* report better control of 
the primary tumor and possibly of neck 
lymph node metastases, but the number of 
cases in these series are either not enough 
for statistical significance or reservations 
are made as to the meaning of the differ- 
ences observed.® 

It would be difficult to justify a program 
of randomization in the tumors of the pala- 
tine arch (especially the advanced ones) 
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and of the oropharynx because there is suf- 
ficient evidence that supervoltage roentgen 
therapy is a superior form of treatment. 


STAGING 


The clinical material being reported at 
this time is grouped by size and by exten- 
sion of the primary lesion and the metasta- 
ses in order to show the composition of the 
two groups prior to and since availability of 
supervoltage roentgen therapy (Table 1). 
The following staging is used: 

Primary: 

P,—less than 3 cm. 

P,—3 to § cm., with or without minimal 

extension to adjacent structures 

P;—greater than 5 cm., with limited ex- 


tension to adjacent structures 
P,—massive 


Metastases: 


lymph node involvement 

N,—single, small to moderate size (less 
than 3 cm.) 

N.—large, movable lymph node or multi- 
unilateral lymph nodes (over 2 cm.) 

N;—fixed large unilateral lymph node or 
bilateral lymph nodes (over 2 cm.) 

N,—distant metastases when first seen 


The lymph node classification is based on 
lymph nodes appearing at any time. For 
instance, if a patient has a unilateral lymph 
node and a lymph node on the opposite side 
appears later, the case is classified N;. 
The heavy lines in Tables 1 and 1 de- 
lineate three subgroups representing ap- 
proximately the favorable, moderately 
favorable and very unfavorable tumors. 


ANATOMIC GROUPING AND CRITERIA 
FOR ANALYSIS 


The retromolar trigone-anterior faucial 
pillars and soft palate form the palatine 
arch. The oropharynx proper is comprised 
of the tonsils, base of tongue and pharyngeal 
walls. The tumors of the glossopalatine 
sulcus form a true clinical entity, but are 
not numerous enough for analysis. They 
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are included with the base of the tongue, 
tonsil or retromolar trigone groups depend- 
ing upon the preponderance of involve- 
ment. Table 1 shows that the groups are not 
entirely comparable for the five sites. The 
retromolar trigone-anterior faucial pillar 
tumors of the pre-supervoltage era are less 
advanced. The reverse is true for the soft 
palate tumors. The groups of the base of 
the tongue are closely comparable: the pre- 
supervoltage tumors of the tonsils are 
smaller; and the supervoltage pharyngeal 
wall tumors are less advanced. 

On the whole, more advanced lesions are 
found in the supervoltage group. This is a 
natural consequence since more efficient 
equipment has apparently resulted in in- 
creased referral of dificult problems. This 
experience is shared by other institutions. 

There are more favorable tumors in the 
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palatine arch group and more unfavorable 
ones in the orophary nx group. This is due 
to the difference in biologic behavior, the 
first ones being keratinizing squamous cell 
carcinomas, which grow more slowly and 
metastasize later than the anaplastic tu- 
mors of the base of the tongue, tonsils and 
pharyngeal walls. 

More massive lesions were considered un- 
treatable with 250 ky., as even a temporary 
control could not be expected until grid 
therapy came into use with better palliative 
results. Since the availability of super- 
voltage equipment, tumors have been con- 
sidered too advanced for treatment if it 
was impossible to deliver even palliative 
doses due to the volume of tissue irradiated 
in order to cover the primary lesion and 
metastases (Fig. 1). There are differences 
in clinical behavior between the retromolar 


Fic. 1. Case B., 15365. Fifty-four year old male with a huge fixed mass involving the mandible, the auditory 
canal and the mastoid area. There were nodes extending from this mass to the clavicle involving both the 
anterior and posterior triangles. The primary was a tumor of moderate size of the right side of the base 
of the tongue. Biopsies from the tongue and neck were reported squamous cell carcinoma Grade m1. A 
roentgenogram of the chest suggested early lymphogenous metastases. The case was considered beyond 
even palliative possibilities. 


| 
i 
en | 
at 
n- 
I). 
\ 
> 
> 
, 


TABLE 


TABULATION OF CLINICAL MATERIAL BY EXTENSION OF PRIMARY SITE AND LYMPH NODE METASTASES 


Ortho- 


voltage 
Therapy 


| Therapy 


Super- 
voltage 


Ortho- | Super- 
voltage | 
Therapy | Therapy 


Palatine Arch 


M 


voltage 


Ortho- | 


voltage 
Therapy 


Super- 
voltage 
Therapy 


Ortho- 
voltage 
Therapy 


Pi 


P» 


Retromolar 
Trigone and 
Faucial Pillar 


Soft Palate 


2 


Retromolar 
Trigone and 
Faucial Pillar 


6 


Soft Palate 


12-0+13-$=25 


Retromolar 
Trigone and 
Faucial Pillar 


Soft Palate 


RT 


4-0+11-S$=15 


Ps 


Retromolar 
Trigone and 
Faucial Pillar 


Soft Palate 


0-0+9-$=14 


Classification of Primary Tumor and Lymph Node Metastases: 
P,;—Less than 3 cm. 


P:—3 to 5 cm., minimal extension to adjacent structures 


P;—Greater than 5 cm., with limited extension to adjacent structures 
P,—Massive 
No—No lymph node involvement 


Ni—Single, small to moderate size (less than 3 cm.) 


Ne—Large, movable lymph node or multiple unilateral lymph nodes (over 2 cm.) 
N;—Fixed large unilateral lymph node or bilateral lymph nodes (over 2 cm.) 
N,—Distant metastases when first seen 


The lymph node classification is based on lymph nodes appearing at any time. For instance, if a patient had a unilateral lymph node 
and later a lymph node appears on the opposite side, the case is classified Ns. 

RT—Refused treatment 

NT—No treatment 
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TaB_e (Coniinued) 


Oropharynx 


| No 
_ Ortho- Sean: Ortho- | Super- | Ortho- | Super- | Ortho- | Super- 
| voltage | voltage | voltage | voltage | voltage voltage | voltage | voltage 
| Therapy | Therapy | Therapy | Therapy | Therapy | Therapy | Therapy | Therapy 
Tonsils | I | I 
| | 
| 
Base of | I | 2 I 3 
P, | Tongue | 
Pharyngeal I | I 
Walls 
Tonsils 4 I I I 3 | I 4 | 3 
| | 
Base of | 4 I | I | 2 I 
P. | Tongue | | 
Pharyngeal | 2 2 | I 2 
Walls | 10-0+8-S$=18 | 
| 
Tonsils 2 | I I 3 | I 2 
| 
Base of 3 | 3 3 I 2 
P; | Tongue 
Pharyngeal 3 3 I I 
Walls 
122-0+27-$=49) 
Tonsils 1 (RT) I 4 3 2 (NT) 7 
1 (NT) 2 (NT) 
Base of I 2 I I I 2 4 5 
P; | Tongue 6 (NT) | 5 (NT) 
| IN, I 
Pharyngeal 2 3 I I I 
Walls 26 -0+39-$=65 


O—Patients treated without orthovoltage 
S—Patients treated with supervoltage 


The heavy lines demarcate approximately the favorable, moderately favorable and unfavorable cases. This grouping helps visualize 
the comparative composition of the “ortho” and “super” groups. 
The cases in the favorable and moderately favorable subgroups are so few that those two subgroups have been aggregated for the 
analysis of Figure 10, being referred to as “balance.” 
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Tas_e II 


TABULATION OF STATUS OF CLINICAL MATERIAL WITH CAUSES OF FAILURES 


Palatine Arch 
No M Ne 
Ortho- | Super- | Ortho- | Super- | Ortho- | Super- | Ortho- | Super- 
‘voltage | voltage | voltage | voltage J voltage | voltage | voltage | voltage 
Therapy | Therapy | Therapy | Therapy | Therapy | Therapy | Therapy | Therapy 
Retromolar 
Trigone and 
Faucial Pillar 
Soft Palate ID ece 
Retromolar DM P+N 
Trigone and SP P+N (rotation) 
Faucial Pillar (rotation) 
Soft Palate = * @ 
12-0 +13 -$=25 
Retromolar N * 
Trigone and SP N 
Faucial Pillar (prostate) 
(alive af- 
ter surg.) 
P; 
Soft Palate RT ID(A) 
4-0+11-$=15 
Retromolar ID N 
Trigone and P P+N P+N 
Faucial Pillar P+N 
(grid) 
P, 
Soft Palate P+N P+N 3 (P+N) 
9-0+9-S=14 
Coding: 


@ No evidence of disease 

P Primary uncontrolled 

N Neck lymph nodes uncontrolled 
DM Distant metastases 
RT Refused treatment 


SP Second primary 
ID Intercurrent disease 

A 80 or over 
NT No treatment 
Distant metastases 
when first seen 


P or DM or N alone means failure at that site alone. Addition of letters means combination of causes of failures. 


Primary Control. No palpable or visible evidence of disease at primary site if patient alive, or if dead, shortly prior to death. It is 
a valid criterion of comparative effectiveness, as applied in the same way in the “Ortho” and “Super” series. Fatal necroses, even with- 
out positive biopsy, are counted as lack of control. 
Neck Lymph Node Control. The same criteria as for primary lesions. 
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Taste II (Continued) 


Oropharynx 
No N2 N3 
| Ortho- | Super- | Ortho- | Super- J Ortho- | Super- | Ortho- | Super- 
| voltage voltage voltage | voltage J voltage | voltage | voltage | voltage 
| Therapy | Therapy | Therapy | Therapy J Therapy | Therapy | Therapy | Therapy 
Tonsils | ° | N | 
| | 
| 
Base of | N 
P, | Tongue | N 2 DM 
| 

Pharyngeal | a SP 

Walls | 

Tonsils P DM N ee 

P 2(P+N)| DM 
P (alive 
after surg.) | 
Base of oe DM P+N N+DM | @ 
P, | Tongue SP P+N 

Walls sP 10-0+8-$=18) N 

Tonsils P (alive 2P P+N 

after surg.) P+N N+DM 

Base of oe 3(P+N), ee P+N 3 

P; | Tongue ID (A) DM P+N 
Pharyngeal Ce * N DM 
Walls P (alive | 2 P 
after surg.) 122 -0+27-S= 49) 

Tonsils RT P N .. 2 (P+N) 2NT ee, 
P+N DM P+N,N 
2P NT N+DM 
(surg.) 2 1D, 

2NT 

Base of DM P+N P+N ID(A) 

P, | Tongue ID(A) 3 (P+N)| 2 (P+N) 
(surg.) | 6NT N,.P, 
5 NT 
DM 
Pharyngeal | P 2P P+N P+N DM 
Walls SP 126 -0+39-S=65 
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trigone-anterior faucial pillar and soft pal- 
ate tumors since the latter metastasize 
more often than the former. Also there are 
differences between the three subgroups of 
the oropharynx. The base of the tongue 
tumors are more prone to metastasize than 
the tumors of the tonsils. On the contrary, 
the tumors of the pharyngeal walls at the 
level of the oropharynx have far less tend- 
ency to metastasize than either the can- 
cers of the base of the tongue or the tonsil. 

The number of survivors at five years 
does not give an adequate gauge of effec- 
tiveness in groups of cancers which develop 
in elderly people and metastasize early. If 
a patient with cancer of the base of the 
tongue dies from intercurrent disease or 
from liver metastases a year or two after 
treatment without evidence of disease 
above the clavicle, a real service has been 
rendered which cannot be shown in five- 
year end results. 

Therefore the analysis is made on control 
of the primary disease, control of the 
metastases in the neck and survival at one, 
two and three years. For the squamous cell 
carcinomas the status at three years is a 
good indication of the status at five years. 

By control of the primary disease is 
meant that no visible or palpable evidence 
cf induration or ulceration is present at the 
primary site if the patient is alive or, if 
dead, when seen shortly prior to death. In 
these latter cases a recurrence at the pri- 
mary site might have taken place at a later 
date, but the same criterion is used for both 
groups and therefore has a comparative 
value. An unhealed necrosis at the primary 
site, without positive biopsy, is counted as 
a failure of control of the primary lesions. 
The same definitions are used for evaluating 
control of metastatic cervical disease. 

All patients previously untreated, who 
were registered for the purpose of treatment, 
are included in this series. Those patients 
with disease too advanced for treatment (or 
who refused treatment) are counted as fail- 
ures of control of both the primary and 
neck lymph nodes and as dead at one year. 
To aid in determining if supervoltage 
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therapy is more effective in late cases, un- 
favorable cases and the aggregation of 
favorable and moderately favorable cases 
are also analyzed separately. 


POLICIES OF TREATMENT 


Vith the exception of the tumors of 
salivary gland origin, cancers of the pala- 
tine arch and oropharynx have been treated 
by radiation therapy. 

The management of the metastases in the 
lymphatics of the neck depends upon the 
site of origin of the primary tumor and its 
histology. For the squamous cell carci- 
nomas of the palatinearchand the keratiniz- 
ing tumors of the tonsils, a radical neck 
dissection is considered the treatment of 
choice. Therefore, if there are no neck 
lymph nodes palpable, only the primary 
tumor is included in the portals. If there are 
palpable lymph nodes in the subdigastric 
and jugular region, they are included in the 
portals covering the primary for growth 
restraint. 

In the keratinizing tumors, when metas- 
tases to the neck are large and often fixed, 
radical radiation is given to produce re- 
gression. In several instances, fixed lymph 
nodes were rendered operable. The follow- 
ing case report is an example. 


REPORT OF CASE 


Case M., 18925-S. A fifty year old male with 
a moderate size tumor on the base of the tongue 
had a large, partially fixed lymph node on the 
right, measuring approximately 7 cm. in di- 
ameter. A tumor dose of 7,000 r was delivered 
to the primary in forty-four days and 8,800 r 
to the lymph node. The lesion at the base of 
the tongue disappeared, but the lymph node 
regressed only partially. Three months later a 
neck dissection was performed. Two cystic 
areas with malignant epithelial linings were 
found in the surgical specimen. There were 
radiation changes with little mitotic activity. 
Dense fibrous connective tissue surrounded the 
lymph node. The patient is free from disease 
three years later. 


In the anaplastic squamous cell carcino- 
mas of the tonsils and all tumors of the 
base of the tongue, the whole neck 
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treated in conjunction with the primary le- 
sion. Eighty per cent of the cases of tumors 
of the base of the tongue had palpable neck 
lymph nodes, 60 per cent of which were bi- 
lateral. The primary tumors of the pharyn- 
geal walls, since they have a tendency not 
to metastasize, were treated with narrow 
portals. Larger areas of the neck were in- 
cluded only if lymph nodes were palpable. 


TECHNIQUES OF TREATMENT 
CONVENTIONAL TECHNIQUES 
A. Palatine Arch. A tumor dose of 5,000 
to 6,000 r in three weeks has been the treat- 
ment of choice for lesions small enough to 
be encompassed quite safely by intraoral 
therapy. 
Kor the more extensive ones, a combina- 
tion of intraoral cone therapy or radium 
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implant with external irradiation has been 
the common method of treatment. A tumor 
dose of 3,000 r is delivered by the intraoral 
cone in ten days, followed immediately by 
another 3,000 r tumor dose in two to two 
and one-half weeks through a single homo- 
lateral portal, totaling 6,000 r in approxi- 
mately four weeks. 

Kor tumors of the retromolar trigone- 
anterior faucial pillar, a tongue-pterygoid 
implant delivering 3,000 to 4,000 gamma 
roentgens at midplane (average separation 
2.5 cm.) in seventy to eighty hours followed 
immediately by 4,000 to 3,000 r in three 
weeks through a single homolateral portal 
has been routine treatment in later years 
(Fig. 2, a and 4). 

All tumors of the retromolar trigone- 
faucial pillar in the pre-supervoltage era 


Fic. 2. Case M., 11486. (a and 4) Seventy-one year old male with a lesion of the retromolar trigone extending 
along the upper third of the faucial pillar and into the buccal mucosa. There was a central crater, 1 cm. in 
diameter with a rolled up edge. The total diameter of the lesion was approximately 2.5 to 3 cm. A tongue- 
pterygoid implant was performed delivering a tumor dose of 4,000 r at midplane, followed immediately 
by a tumor dose of 3,000 r at 3 cm. depth from a single homolateral portal. The total treatment time was 
eighteen days. Approximately ten months later a small ulceration appeared on the foot of the faucial 
pillar. It was treated conservatively and has since healed. Two years after the treatment of the primary, 
a small lymph node, previously noted at the time of treatment, apparently increased in size and a radical 
neck dissection was performed. The lymph node was positive. The patient is free from disease five years 
after the original treatment and three years after the neck dissection. 
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were suitable for the combination of local 
therapy and external irradiation. In con- 
tradistinction, several tumors of the soft 
palate were very advanced and could only 
be treated by external irradiation alone. 
The doses were 5,000 to 5,500 r in six weeks 
with, on occasion, an additional 1,000 r in 
seven to ten days through a narrowed 
portal. These tumor doses with 250 kv. 
equipment are, in our experience, as high as 
can be tolerated. 

B. Oropharynx. There is no pattern of 
treatment in the squamous cell carcinomas 
of the tonsils. External irradiation alone, 
usually with parallel opposing portals, can 
cover only the primary lesion and the neck 
lymph nodes. Additional intraoral therapy, 
modified tongue-pterygoid implants or 
radium implants for residual infiltration in 
the base of the tongue were used occasion- 
ally. With external irradiation alone, the 
tumor dose was usually 5,000 to 5,500 r in 
six weeks (calculated at 3.5 to 4 cm. depth). 
In later years grid therapy was used for the 
more advanced lesions with better pallia- 
tive control. 

Tumors of the base of the tongue were 
always treated by parallel opposing portals, 
with doses of 5,000 to 5,500 r in six weeks. 
In later years grid therapy was also used 
with better palliative control. 

Tumors of the pharyngeal wall were all 
treated by external irradiation (parallel 
opposing portals), likewise giving 5,000 to 
5,500 r in six weeks. 

At the end of six weeks, if warranted and 
if the tolerance of the skin and mucous 
membranes permitted, an additional 500 to 
1,500 r through narrowed portals was given 
in five to fifteen days. 

Such doses through large fields, necessi- 
tated by the extent of the primary lesions 
and the lymph nodes, taxed the tolerance to 
a maximum. Grid therapy was somewhat 
better tolerated. 

When the neck lymph nodes were large, 
they were included in the portals covering 
the primary lesion. Despite moist desqua- 
mation, small additional tangential portals 
were occasionally used at the end of treat- 
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ment, or radium implantations were per- 
formed if the lymph nodes were not opera- 


ble. 


SUPERVOLTAGE TECHNIQUES 


Because of the possibility of delivering 
higher tumor doses with supervoltage, ex- 
ternal irradiation alone has been the 
planned method of treatment for both the 
palatine arch and oropharynx tumors. 

The techniques have consisted of either 
single portals (Fig. 3 and 4) or two parallel 
opposing portals with equal given doses 
(Fig. 5 and 6) or with weighted given doses 
on the side of the lesion (Fig. 7) depending 
upon the location of the lesion in relation- 
ship to the midline. 

Unless the primary was very extensive, 
portals not more than f0 to 60 sq. cm. were 
deemed adequate for the tumors of the 
palatine arch, the pharyngeal walls without 
palpable lymph nodes, and the keratinizing 
squamous cell carcinomas of the tonsils. 
The tumor dose has been 6,000 r in four 
weeks. In the tumors of the base of the 
tongue, the anaplastic tumors of the tonsils 
and all caseswhere lymph node areas had to 
be included, the portals measured up to 100 
sq. cm. if only the proximal lymph node 
area was included. The planned tumor dose 
for these cases has been 6,000 r in five 
weeks. If the portals were more than 100 
sq. cm. (whole neck irradiation), 6,000 r in 
six weeks has been delivered. 

When the tumor has not completely re- 
gressed clinically a week prior to comple- 
tion of treatment, 1,000 to 1,500 r in a week 
has been added through a much narrowed 
portal. On occasion, intraoral therapy or, 
more often, interstitial gamma ray therapy 
has been used, primarily for residual in- 
duration in the base of the tongue. Volume 
implants with radioactive gold grains 
through the submental route have been the 
method of choice. 

In the palatine arch, the treatment times 
are grouped between four to four and one- 
half weeks; in the oropharynx, between 
five to seven weeks (Fig. 8). 

Rotation therapy was tested for some 
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Kield Energy Size 
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9X8 cm. 
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45 
\ie 
95 85 75 5 
RIGHT 
LEFT 
A 
Given Dose Tumor Dose Per Cent 
6,650r Minimum 85 
Maximum 95 


Tumor dose to the primary lesion in twenty-eight days: 5,650 r minimum; 6,300 r maximum. 


Fic. 3. Case N., 12734. Seventy-eight year old male with a lesion of the retromolar trigone measuring about 
5 cm. in diameter. There was an ulceration over the ascending ramus of the jaw with bone involvement. 
An average tumor dose of 6,000 r was given in twenty-eight days. There was regression of the soft tissue 
tumor but persistent ulceration over the exposed bone. A biopsy was taken three months after treatment, 
showing evidence of activity. A resection of the mandible was performed and the patient is free from dis- 


ease five years later. 


squamous cell carcinomas of the retromolar 
trigone-anterior faucial pillars (they do not 
have a tendency to metastasize through the 
lymphatics of the base of the tongue and 
the pharyngeal walls in contradistinction 
to the tumors of the tonsils and base of the 
tongue). However, after several unwar- 
ranted failures, the technique was given up 
as unsatisfactory. The volume distribution 
has a smooth fall-off which does not allow 
safe coverage of the tumor unless wide 
portals are used, thereby defeating the very 
purpose of rotation therapy. 


ANALYSIS OF RESULTS 


PALATINE ARCH 


1. Soft Palate. The tumors of the soft 
palate are too few for statistical signifi- 
cance. In addition, the orthovoltage group is 
composed of more advanced ones. However, 
it is the impression that, with the exception 
of early tumors which can be covered by 
intraoral therapy, the control of the pri- 
mary lesions is better with supervoltage. In 
the supervoltage group only one massive 
lesion was not controlled. 
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Field Energy Size Given Dose Tumor Dose Per Cent 
A 22 mev. 12.5X10cm. 7,150f Minimum 85 
Maximum 95 
Delivered to 
lymph node 95 
B 22 mev. 10X6 cm. goo r 8o 
te 22 mev. 8 cm. diameter 600 r 80 


Total tumor dose to the primary lesion in forty days: 7,250 r minimum; 7,975 r maximum. 
Dose delivered to the lymph node: 7,975 r. 


Fic. 4. Case L., 16148. Fifty-one year old male with a very extensive carcinoma of the left tonsil involving 
both pillars, the retromolar trigone, the soft palate and the base of the tongue. There was a marked degree 
of trismus. There was a large anterior mass in the left subdigastric region with an oblique healed surgical 
scar about 6 cm. in length due to open biopsy, reported positive for squamous cell carcinoma. The patient 
was treated on the betatron through a single lateral portal with a wax build-up. A tumor dose of 8,000 r 
in forty days was delivered to the primary lesion and the lymph nodes. Nine months later necrosis oc- 
curred at the angle of the jaw, but eventually healed with conservative treatment. The patient is free from 
evidence of disease three years later. 
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Field Energy Size Given Dose Tumor Dose Per Cent 
A Co” 9X8 cm. 4,625 r | Primary 150 
| Lymph node 155 
B Co 9X7.5 cm. 4,625 r | 
D Co" 8X13 cm. 4,700r 
E 250 kv. 4X4 cm. 1,400 r Lymph node 80 


Tumor dose to the primary lesion in forty-five days: 6,950 r. 
Dose delivered to the lymph node: 8,280 r. 


ic. 5. Case C., 15524-S. Fifty-nine year old female with a 7 cm. long, moderately infiltrative tumor of the 
posterior pharyngeal wall extending from the level of the uvula down to the retrocricoid region, encroach- 
ing upon the left pharyngeal wall. There was an enlarged lymph node on the left side behind the angle of the 
jaw measuring approximately 3 cm. in diameter and another enlarged lymph node on the right side in the 
midjugular region. The patient was treated by two parallel opposing portals which also included the palpa- 
ble lymph nodes. A tumor dose of 7,000 r was given to the primary in forty-five days and 8,300 r to the 
lymph nodes. There was complete regression of the primary lesion. Three months after the completion of 
treatment a left lateral neck dissection was performed and the specimen was negative. The patient is free 
from disease four years later. 
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Field Energy Size Given Dose Tumor Dose Per Cent 
A 11X10 cm. 4,450 | Minimum 35 
B Co 11X10 cm. 4,450r Maximum 140 
13X21 cm. 6,000 r 
D 22 mev. 5 cm. diameter cone 1,050r To primary 80 


Tumor dose to the primary lesion in forty-six days: 6,800 r minimum; 7,000 r maximum. 


Fic. 6. Case P., 21847-S. This sixty-eight year old male had an excisional biopsy of a large lymph node in 
the right prevascular region. There was considerable induration around the scar. The base of the tongue 
was involved by a lesion which measured approximately 5 cm. in diameter, markedly infiltrative. It occu- 
pied practically the entire base of the tongue and some of the anterior two-thirds of the tongue on the 
right. The right vallecula was completely replaced by tumor. A tumor dose of 7,000 r in forty-six days was 
delivered, the last 1,000 r through a 5 cm. cone on the betatron, from the left side in order to obtain a higher 
dose to the neck lymph nodes on the right. Nine months later the patient developed an ulceration approxi- 
mately 1 cm. in diameter in the right vallecula. A biopsy was taken and reported positive for squamous cell 
carcinoma. A laryngectomy and partial resection of the base of the tongue were performed, with free, 
although fairly close, margin at the time of surgery. A pharyngeal stoma was left to be closed by a pedicle 
tube. 
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Field Energy Size 
A Co"? 7X7 cm. 
B 7.5X7 cm. 
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Given Dose Tumor Dose Per Cent 
3,025 r Minimum 100 
Maximum 110 


(of heavy loading) 
6,025 r 


Tumor dose to the primary lesion in twenty-eight days: 6,025 r minimum; 6,625 r maximum. 


ig. 7. Case C., 17881. Sixty year old male with a superficial but extensive tumor on the left side of the soft 
palate which could not have been covered with an intraoral cone. A tumor dose of 6,000 r in four weeks 
was given on the cobalt 60 apparatus with a 2:1 differential in favor of the left side. Four months later the 
patient developed a small necrosis, 1 cm. in diameter which healed in four months. The patient has no 


evidence of disease three years later. 


2. Retromolar Trigone-Anterior Faucial 
Pillar. The orthovoltage group is composed 
of better cases. 

It is seen from Table 1 that equally good 
results have been obtained in the favorable 
cases with orthovoltage and supervoltage. 
As there are very few late cases in the 
orthovoltage group, there is only an im- 
pression that supervoltage offers better con- 
trol of the primary lesions if neither intra- 
oral therapy nor radium implantation can 
be used. In the P, and P» cases of the ortho- 
voltage and supervoltage groups, the inci- 
dence and severity of necroses are approxi- 


mately the same. With two exceptions, 
these consisted of minor ulcerations of the 
mucous membrane which healed spon- 
taneously in a few months. Due to the 
small number of P; and P, orthovoltage 
cases, no comparison is possible with the 
incidence of necroses in the P; and P, super- 
voltage cases. 

Table 111 fails to show any superiority of 
supervoltage and Table tv shows no shift of 
sites of failure. 


OROPHARYNX 


1. Tonsils. The tumors of the tonsils 
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SOFT PALATE 
4 RETROMOLAR TRIGONE 
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O NECROSIS 
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Fic. 8. Treatment times. Supplementary treatments with narrowed portals are included. The very high 
doses are due to added interstitial gamma ray implants. In the palatine arch cases, the majority of treat- 
ment times falls between three and one-half to four and one-half weeks because the portals are relatively 
small. The 2 cases with a two-week treatment time were: One rotation treatment and the other a combina- 
tion of tongue-pterygoid implant and external radiation. There are more cases treated in five, six, seven 
weeks in the oropharynx because the portals are larger. All necroses (even minor breakdowns of the mucous 
membrane healing spontaneously in a short while) are recorded in an attempt to determine if there is a 
tumor dose-time-necrosis-lack of control relationship. Necroses are evenly distributed. The majority of 
the persistent tumors was advanced (see Table v), requiring larger portals and therefore treated in 
longer periods of time. 
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III 


PALATINE ARCH 
(Patients Seen) 


Orthovoltage Therapy | Supervoltage Therapy 
Retromolar Retromolar 
Trigone Soft Trigone Soft | 
Faucial Palate Totals Faucial Palate | Totals 
Pillars Pillars | 
Primary Controlled | 11 of 12 | 3of9 14 of 21 (667%) | 20 of 27 | 5 of 6 | 25 of 33 (76%) 
Alive I year | inofi2] 5 of 9 16 of 21 (74%) 22 of 27 60f6 | 28 of 33 (85%) 
Alive 2 years | woofi2| 30f9 13 of 21 (62%) 19 of 27 4 of 6 23 of 33 (70%) 
Alive 3 years | 9 of 12 | 2 of 9 11 of 21 (52%) | 14 of 27 4 of 6 18 of 33 (54%) 
The control of the primary lesions and survival rates up to three years are similar in both groups. 
(Table 1) were appreciably less advanced in Taste IV 


the orthovoltage group. Despite this, there 
is a statistically significant higher incidence 
of control of the primary lesions in the 
supervoltage group (Fig. 9, 4, 6 and c and 
Table rv). 

With supervoltage therapy the survival 
rates at one, two and three years are better 
for all patients, and for the more favorable 
ones (balance) with the same degree (15 
per cent level) of statistical significance. 
This significance is enhanced by the fact 
that the orthovoltage group is composed of 
more favorable cases. The survival rate of 
the unfavorable cases is better at one year 
with supervoltage therapy but eventually 
falls at two and three years primarily be- 
cause of metastases. 

2. Base of Tongue. The orthovoltage and 
supervoltage groups are of the same com- 
positition (Table 1). The local control had 
been poor with orthovoltage. It is sig- 
nificantly increased with supervoltage (Fig. 
10). In the unfavorable cases, there are 
more survivors at one year in the super- 
voltage group, but the margin narrows at 
two and three years due to metastases or 
intercurrent diseases. In the more favorable 
cases (balance) there is approximately the 
same number of survivors at one year, but 
at two and three years there are more in the 
supervoltage group, indicating a more 
permanent control. There is a somewhat 
(15 per cent level) better control for the 
whole supervoltage group. 


INCIDENCE OF SITES OF FAILURE 
Soft Palate—Retromolar Trigone-Anterior 
Faucial Pillar 


| Patients Treated 


Orthovolt- | Supervolt- 
age Ther- age Ther- 
| | apy—33 
‘5 | Primary not Con- | | 
trolled | 50r24% | 8 or 25% 

Neck not Controlled | 6 or 30% | 7 or 23% 
DM+I1ID+SP 30r14% | 30r10% 
Tonsils—Base of Tongue— a 
Pharyngeal Walls 
Patients Treated 
Orthovolt- | Supervolt- 
age Ther- | age Ther- 
x apy—48 apy—67 
= | Primary not Con- | 30 or 61% | 15 or 23% 
6. trolled | (greater than 3 SE) 
o Neck not Controlled | 22 or 45% | 1§ or 23% 
(greater than 2 SE) 
DM+ID+SP_ 5 or 10% | 16 of 24% 
| (greater than 2 SE) 


In the palatine arch cases there is no difference in the distri- 
bution of the sites of failure in the orthovoltage and supervoltage 
groups. 

In the oropharynx both the primary lesions and neck metas- 
tases are more common sites of failure in the orthovoltage group. 
Conversely, distant metastases, second primaries and intercur- 
rent diseases are more common causes of death in the supervolt- 
age group. The differences are statistically significant. 
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CO-60 6000r IN 4-4'/> WEEKS 
TUMOR 
REGRESSION] MUCOSITIS 
100 CONFLUENT 
75 STUDDED J 
50 RED ++ 
2 RED + 
WEEKS 1 2 3 6 5 6 7 8 
MUCOSITIS 
€O-60  6000r IN 6-6"/> WEEKS 
TUMOR 
REGRESSION] MUCOSITIS 
100 CONFLUENT 
7S STUDDED J 
50 RED ++ 
25 RED + 
0 
WEEKS 1 2 3 4 5 6 ¥ 8 
MUCOSITIS 
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CO-60  6000rIN 5-5"/, WEEKS 


TUMOR 
REGRESSION | MUCOSITIS 
% 
100 CONFLUENT J 
75 stuDDED J 
50 RED ++ 
25 RED + 
WEEKS 1 2 3 4 5 6 7 8 


MUCOSITIS 


Fic. 9. Tumor regression and mucositis. (a) 
A tumor dose of 6,000 r in four weeks, 7.¢., 
1,500 r per week, to the mucous membrane 
of the soft palate produced a confluent 
mucositis which started at the end of the 
second week, reached a peak at the middle 
of the third, and on the average began to 
regress at the fifth week. It was healed by 
the eighth to the ninth week. The graphs 
which show no down slope are those of pa- 
tients who were unable to return weekly 
after the completion of treatment. The 
mucositis was healed at their first return 
appointment, six weeks later. (4) When the 
basic tumor dose was 6,000 r in five to five 
and one-half weeks, a studded mucositis 
only had occurred. (c) When the dose was 


6,000 r in six to six and one-half weeks, the intensity had fallen between studded mucositis and marked 
redness. The usual healing time has been eight to ten weeks from the beginning of treatment. The tumor re- 
gression (in per cent of the original size) was slower in the longer treatments, but the lesions were the largest 
in the six week treatment series. Therefore, the slopes of tumor regression cannot be taken as a study of 
time versus effectiveness as the cases are not comparable. In many cases the tumor regression was very 
rapid, often complete by the third or fourth week. In the cases in which the tumor regression was not com- 
plete, additional therapy either with reduced portals or interstitial gamma ray implant had been given. 


3. Pharyngeal Walls. Control of the pri- 
mary lesion was achieved in only one out of 
g orthovoltage cases (Table 11). One local 
recurrence was surgically resected success- 
fully. The primary control in the super- 
voltage group has been much better (Fig. 
10). 

In summary, the analysis (Table 1 and 
11, and Fig. 10) of all the oropharynx cases 
shows that: (1) despite the fact that there 
are more advanced cases in the super- 
voltage group, the control of the primary 
lesions is much better with supervoltage 
therapy; (2) the difference in the number of 


survivors at one, two and three years is 
significant at the 15 per cent level. In the 
unfavorable subgroup, the number of 
survivors is greater at one year, but the 
difference narrows at two and even more so 
at three years (still 15 per cent level). In 
the very advanced cases, even with super- 
voltage, local failures do occur, but metas- 
tases are still the more common cause of 
death (Table 11). 

The incidence of the sites of failure is seen 
in Table tv. With better control of the pri- 
mary lesions and neck lymph nodes with 
supervoltage therapy, there is also an in- 
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Ic. 10. Control of primary lesion with orthovoltage and supervoltage therapy. The favorable and moder- 
ately favorable cases are aggregated (balance) to increase the significance of the figures. The percentages 
include all cases registered, and the cases too advanced for treatment are considered as failures, dead 


at one year. 


crease in deaths due to distant metastases, 
intercurrent diseases and second primaries. 


RADIATION REACTIONS 


For the sake of uniformity, the acute 
mucous membrane reactions on the soft 
palate were recorded, as the mucous mem- 
branes of various sites of the upper respira- 
tory tract do not have the same sensitivity. 
Figure 9 is made of scattergrams of muco- 
sitis for 6,000 r given in four, five and six 
weeks. It shows that 6,000 r in four weeks 
produces a confluent mucositis, in five 
weeks a studded mucositis and in six weeks 
a very mild studding, if any. The tolerance 
to 6,000 r in six weeks is excellent and has 


been found to be the treatment of choice for 
very elderly patients and for palliation. 

The mucositis remains stationary for two 
to three weeks and heals in approximately 
two to four weeks after the completion of 
treatment, depending upon the length of 
treatment time. 

It has been found that, using roentgens 
and not rads, there is no difference between 
the reactions to the 22 mev. betatron and 
the cobalt 60 teletherapy unit. Attempts 
have been made to compare the relative 
biologic effectiveness of 3 mm. Cu half- 
value layer and supervoltage radiation us- 
ing as a test the mucositis of the soft palate. 
There are errors due to differential bone 
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Marcu, 1959 


Fic. 11. Case G., 17920. Fifty-four year old woman with a huge tumor of the base of the tongue extending 
up the pharyngeal wall and a large, ulcerated lymph node in the right neck. A tumor dose of 6,000 r was 
delivered to the primary in fifty days. This was followed by apparent complete regression of the primary 
lesion and marked regression of the lymph node. However, a year later there was again a crater on the base 
of the tongue and reactivity in the neck. The patient expired one and one-half years after treatment with 
considerable pain and reactivity both at the site of the primary and in the neck. 


absorption and to the more complex geom- 
etry of the 250 kv. treatments. Both isodose 
distributions and direct measurements were 
carried out in the 250 kv. cases. The rela- 
tive biologic effectiveness was found to be, 
with possible error, 0.85 to 0.90. 


TUMOR DOSE-TIME-VOLUME VERSUS 
FAILURES OF CONTROLLING DIS- 
EASE AND COMPLICATIONS 


As in the classic work of Holthusen on 
skin cancers, optimal tumor dose-time-vol- 
ume relationships should be determined by 
plotting failures and complications against 
increasing biologic doses. An irradiation 
technique which does not produce com- 


plications does not deliver adequate dosage 
unless there is a negligible percentage of 
failures. This approach cannot be used in 
oropharynx tumors due to the paucity of 
material and because a failure means a 
fatality. Figure 8 shows the plotting of 
failures and complications separately for 
the palatine arch and the oropharynx. All 
complications, even minor breakdowns 
(mostly for palatine arch lesions) with 
spontaneous healing in a short while, are 
recorded. There is a relatively evendistribu- 
tion of the necroses. 

The recurrences are more frequent in the 
cases treated in six to seven weeks. This 
cannot be interpreted as a lesser biologic 
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TABLE V 


INCIDENCE OF TUMOR ACTIVITY AND NECROSIS 


Persistent or | Surgery 
Recurrent Pri- 
Primary For Carcinoma For Necrosis | mary Site 
Palate 3 I | I severe 
lauces I 
Tonsils I 
P; | Base of Tongue 6 
Pharyngeal Walls 1 
12 
Palate 2 2 mild 
Fauces 9 | I (rotation) I I severe 
Tonsils 6 | | 
P, | Base of Tongue 2 | 
Pharrngeal Walls | 
| -4 | 
Palate 
IS yr. | {1 moderate 
Fauces 11 2 2(N.E.D. 12 | \I severe 
Tonsils 6 2 a. 1 moderate 
P; | Base of Tongue | (N.E.D. 1 yr.) severe 
Pharyngeal Walls 5 | I 1 moderate 
- | | | |2 severe 
30 | | 2 fatal (? activity) 
Palate I I | 
Fauces 7 3 I | I severe 
Tonsils 13 4 2 2 2 severe 
P, | Base of Tongue 16 | 2 I 2 fatal (1? activity) 
Pharyngeal Walls 4 | 1 fatal (? activity) 
= 
41 17 6 | 9 19 
107 | 


The incidence of both tumor activity and necrosis is low when the tumors are not too advanced. Minor breakdowns of the mucous 
membrane, healing spontaneously in a short time, are not recorded in this table, but are shown in Figure 8. 


action because the more advanced tumors 
were treated in a longer period of time. 
However, some of the very large tumors 
were treated palliatively, with 6,000 r in six 
to seven weeks without any additional local 
therapy (Fig. 11). Although no conclusions 
can be drawn from a few cases, it is the im- 
pression that this tumor dose is in the lower 
range of tumor control because of the num- 
ber of local recurrences. In very elderly pa- 
tients, these palliative treatments are in 
order. 


The mucous membrane of the orophar- 
ynx and the palatine arch is stretched over 
either the fascia of the retropharyngeal and 
lateral pharyngeal walls or over bone, either 
the ascending ramus or the angle of the 
mandible. If large areas of mucous mem- 
branes have been involved by cancer, the 
exposed bone or fascia are poor beds for 
epithelization. Therefore, healing may 
never occur in the extensive tumors of the 
pharyngeal walls or those of the tonsils 
and base of the tongue which have exten- 
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sively involved the pharynx. The following 
case report demonstrates this point. 


REPORT OF CASE 


Case L., 14433. This fifty-four year old male 
had a large lesion of the base of the tongue in- 
volving the right side and extending for a con- 
siderable length into the lateral pharyngeal 
wall. There were several lymph nodes in the 
right side of the neck and one lymph node at the 
left angle of the jaw. Several of these lymph 
nodes measured at least 3 cm. in diameter. A 
tumor dose of 6,400 r in five weeks was delivered 
to the primary and 6,000 r to the lymph nodes. 
A gold grain implantation delivering 3,800 r 
was performed for residual induration in the 
base of the tongue. The base of the tongue was 
never normal, and six months after the comple- 
tion of treatment there was an extensive ulcera- 
tion on the glossopharyngeal sulcus and the 
pharyngeal wall. The patient died from mal- 
nutrition nine months after the completion of 
treatment. 


Superficial ulcerations occurring later, 
usually over the bone of the mandible, may 
not be followed by spontaneous healing. 
Even if the bone does not actually become 
infected, resection of the mandible is neces- 
sary to secure healing. 

In Table v only the moderately severe 
(spontaneous but slow healing) or severe 
(surgical intervention, usually resection of 
the mandible) and fatal necroses are re- 
corded. With exception, the moderately 
severe and severe necroses are in the P; and 
P, cases with an incidence which is not 
prohibitive. Recurrences are also noted, 
as would be expected, in the P; and P, 
cases. From these data, the tumor-dose- 
time is considered not too far from an 
optimum which is in agreement with data of 
other authors.>:? 

Other complications are dryness of the 
mouth and throat, always present with 
varying degrees of severity; edema of the 
neck if it has been extensively irradiated; 
fibrosis of the skin and subcutaneous tis- 
sues, so far in no case severe; and spinal 
cord damage, which will be discussed la- 
ter. 


Marcu, 196g 


Fic. 12. Case R., 19550. (a) Forty-eight year old 
male seen on May 23, 1956, with a group of coalesc- 
ing lymph nodes in the left cervical region. On the 
right there was a mass, obliquely placed, measur- 
ing 8 cm. in diameter with a healed biopsy scar in 
the anterior portion about 2 cm. in length. This 
biopsy was reported as metastatic squamous cell 
carcinoma in fibrous connective tissue. A biopsy 
was taken of some irregularity on the left side of 
the base of the tongue and was reported squamous 
cell carcinoma, Grade 111. 


MANAGEMENT OF RECURRENCES 
AND COMPLICATIONS 


It has been the policy of the Head and 
Neck Service to aim at a high percentage of 
control of the primary lesions at the price 
of some necroses. Conservative manage- 
ment of necroses is tried first, but if the 
pain is too severe or there is no progress in 
healing over a matter of weeks or a few 
months, surgical intervention is employed. 
If only soft tissues are involved, a simple 
excision is done. Usually bone is exposed 
along the mandible, which has to be re- 
sected to secure apposition of the mucous 
membranes. When necrosis is present on 
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Kield Energy Size Given Dose Tumor Dose Per Cent 
A Co” 179.5 cm. 4,500r Minimum 140 
Maximum 145 
B Co? 18X12 cm. 4,225 r | Lymph nodes 145 
Co" 16.5 X24 cm. 1,200r Lymph nodes 80 
D Co* 5X5 cm. 1,650r Right node 8o 
E 5.54.5 cm. 1,200 r Left node 80 


Tumor dose to the primary lesion in forty-two days: 6,100 r minimum; 6,320 r maximum. 
Dose delivered to the lymph nodes: Left, 8,240 r; right, 8,560 r. 


Fic. 12. (6) A tumor dose of 6,300 r in six weeks was delivered to the primary. The lymph nodes on the 
left received 8,240 r and on the right 8,560 r in fifty-two days. A tumor dose of 6,000 r had been given 
first by two large lateral portals and later additional tangential portals were used. Therefore, the spinal 
cord had received a tissue dose of 6,000 r in six weeks. On November 7, 1956 the patient was doing well 
except for dryness of the throat. The lymph nodes were reduced to small 1 and 2 cm. masses, and on 
January 2, 1957 they were even smaller. On March 6, 1957 there was no evidence of disease, but sensory 
and motor changes in both legs had appeared rather suddenly and were becoming progressively worse. 
On July 11, 1957 it was evident that the patient had radiation changes in the cervical spinal cord at the 
level of T-4, with much impairment of both sensory and motor function. There is still no evidence of 
disease. 


the pharyngeal walls, usually in cases with REPORT OF CASES 
extension of the disease into the pharynx, Case T., 19532. A forty-three year old pa- 


it 1S, as a rule, fatal. The following cases tient showed a lesion measuring 4 cm. in di- 
illustrate these points. ameter, involving the left glossopalatine sulcus 
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with more extension into the base of the tongue 
than the tonsil. There was also a small lymph 
node. A tumor dose of 7,000 r in thirty-six days 
was delivered through a lateral portal (22 mev. 
betatron), the last 1,000 r through a reduced 
field. Residual induration persisted and even- 
tually an ulceration on the posterolateral bor- 
der of the tongue was excised despite a negative 
biopsy. Careful study of the surgical specimen 
showed only necrosis. Following removal of 
that necrotic area, healing of the mucous 
membrane occurred and the patient is free 
from disease three years later. 


Case S., 12015. This fifty-four year old Negro 
female had a large lesion of the left tonsillar 
region extending to the soft palate. A tumor 
dose of 7,000 r at the depth of the glossopalatine 
sulcus was delivered in twenty-nine days 
through a single homolateral cobalt 60 portal. 
Twenty months later a necrosis developed, 
necessitating resection of the mandible. Heal- 
ing followed and the patient is free from dis- 
ease five years later. 


Case R., 15248. This sixty-one year old pa- 
tient had an extensive ulcerative lesion on the 
base of the tongue partially involving the 
epiglottis. A large metastatic tumor about 5.5 
cm. in diameter was present in the left sub- 
digastric region. On the right, at the junction of 
the upper and lower third of the jugular chain, 
there was a 1.5 cm. lymph node. The patient 
was treated through a single left lateral portal 
(22 mev. betatron with wax build-up) with a 
tumor dose of 6,500 r in twenty-eight days. 
At the end of treatment there was still indura- 
tion in the base of the tongue and a gold grain 
implantation was done one week later with a 
calculated tumor dose of 2,400 gamma roent- 
gens. The large mass on the left regressed to a 
dimension of 3 cm. in diameter and a radical 
neck dissection was performed six weeks later. 
The mass itself showed only necrotic yellowish 
material, but another lymph node in the left 
prevascular area showed viable carcinoma. 
There was a breakdown of the wound three 
months after the radical neck dissection and a 
ligation of the common carotid artery was done. 
Later on, a pharyngeal fistula developed. 
Closure by pedicle had been achieved after a 
resection of the mandible was performed be- 
cause of local breakdown. The patient is free 
from disease four years after treatment. 
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Fic. 13. Case B., 21775. (a) Sixty-eight year old male 
with an enormous lesion of the left tonsil (lympho- 
epithelioma) and a lymph node 3 cm. in diameter 
in the right subdigastric region. 


A number of recurrences (Table v) have 
been surgically handled. Two cases are ex- 
amplesof thishandling in retromolar trigone 
lesions, one with bone involvement (Fig. 3) 
and the other with insufficient surface 
coverage in the direction of the buccal 
mucosa which is reported here. 


REPORT OF CASE 


Case N., 18369. This forty-seven year old 
male presented a tumor of the left retromolar 
trigone 4 cm. in diameter. The lesion extended 
upward into the upper gum, the soft palate, 
and anteriorly on the buccal mucosa. The pa- 
tient was treated with 6,000 r in four weeks 
through a single homolateral portal. Nine 
months later a small area of induration on the 
buccal mucosa was excised for biopsy and re- 
ported positive. A left commando operation was 
performed with a negative surgical specimen. 
The recurrence was small and had been re- 
moved in the biopsy specimen. The patient is 
free from disease two years after the surgical 
intervention. 
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Kield Energy Size Given Dose Tumor Dose Per Cent 


A Co" 12X13 cm. 2,450 r | A+B 150 

B Co% 13.5 X11 cm. 2,450 4 B 85 
+3,300 r | 

8.523 cm. 4,500 r 

D 9X6.§ cm. 600 r 84 

E Co 17X23 cm. 1,500 r 

Co? 6X4 cm. 1,000 r 


Tumor dose to the primary lesion in forty days: 6,900 r. 


ic. 13. (6) A tumor dose of 7,000 r in forty days was delivered to the primary lesion and approximately 
6,000 r to the whole neck through an anterior split field. A year later the patient developed an enlarged, 
knotty liver but no evidence of disease above the clavicle. 
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Limited recurrences amenable to resec- 
tion occurred in some tumors of the tonsil 
and at the base of the tongue which were 
originally quite extensive. Good examples 
are Case P., 21847-S, illustrated in Figure 6 
and the following case: 


Case P., 21073. This fifty-nine year old male 
had a very extensive tumor of the right tonsil. 
There was also a lymph node at the right angle 
of the jaw. The primary lesion received 7,000 r 
in thirty-seven days. One year later a small 
ulceration 0.§ cm. in diameter was seen at the 
junction of the ascending pillars with the palate. 
After a positive frozen section, a resection of the 
right soft palate, uvula, part of the anterior 
faucial pillar, and the tonsillar fossa was carried 
out. Margins of the tumor were reported to be 
free of disease. The postoperative course was 
uneventful. 


NECK LYMPH NODE 


In patients with extensive or bilateral 
neck lymph nodes, the whole neck includ- 
ing the posterior cervical triangle and the 
spinal accessory chain has been irradiated. 
Originally, parallel opposing portals were 
used, thereby irradiating a long segment of 
the spinal cord. In three circumstances, a 
transverse myelitis had developed (Fig. 12, 
a and 4). This complication has not ap- 
peared with less than 6,000 r and one can, 
therefore, consider 5,000 r in four to six 
weeks a safe dose. For the last two years, 
the upper neck only has been irradiated by 
parallel opposing portals and the posterior 
margin of these upper portals moved for- 
ward when a tissue dose of 5,000 r has been 
given. If there are still palpable lymph 
nodes in that area, tangential fields or a 
posterior split field are used. The lower 
neck is now always irradiated through an 
anterior split field (Fig. 13, a4 and 4). Addi- 
tional therapy, if necessary, is given 
through narrow tangential portals. 

Table vi shows the status of palpable 
neck lymph nodes. There are 22 instances 
of palpable lymph nodes which have dis- 
appeared following irradiation and have 


TABLE VI 


STATUS OF PALPABLE NECK LYMPH NODES 


22 cases treated by irradiation alone, with complete 
regression, no recurrence 
Neck Dissections: 


7 tonsils 
‘Oropharynx 21 {10 base of tongue 
25} 4 pharyngeal walls 

\Palatine Arch 4 
Severe Delayed Healing (Pedicle)............. I 
Carotid Hemorrhage (also disease)............ 2 
Specimen Negative for Tumor................ 5 
Recurrence after Neck Dissection............. 5 


Aspiration or open biopsy has not been performed routinely. 
It is of interest that there are cases with positive lymph node 
biopsy prior to irradiation which are still without evidence of 
disease in the neck or had YW tumor in the specimen if a neck dis- 
section was performed. 


not recurred. In 3 cases a positive pre- 
treatment aspiration biopsy was obtained. 

Twenty-five neck dissections have been 
performed. In 5 instances the operative 
specimen showed no evidence of tumor (2 
cases with pretreatment positive aspiration 
biopsy; and the 3 others with large palpable 
lymph nodes prior to irradiation). There 
were 5 recurrences of the disease in the dis- 
sected side of the neck. 

There were 8 moderate delayed healings, 
one severe delayed healing necessitating a 
pedicle graft. One patient had a carotid 
hemorrhage associated with active disease 
in the neck. 

This low incidence of complications re- 
sults from the skin-sparing effect of super- 
voltage therapy. It justifies the association 
of preoperative irradiation and radical neck 
dissection in the management of metastatic 
neck lymph nodes of the oropharynx and 
palatine arch tumors. 


SUMMARY 


Excepting the early or moderately early 
tumors of the palatine arch which can be 
given adequate doses by combinations of 
local therapy and external irradiation, 
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supervoltage radiation therapy makes it 
possible to deliver higher doses and there- 
fore is locally more effective. Control of the 
primary tumors is the rule. 

In the squamous cell carcinomas of the 
oropharynx, the incidence of controlled 
primary lesions is much higher with super- 
voltage therapy. There is also a_ better 
control of the neck lymph nodes by irradia- 
tion alone or a combination of irradiation 
and neck dissection. 

Due to the advanced age of the patients 
and the metastasizing tendency of the 
tumors of the oropharynx, the number of 
longer survivors is not as significantly in- 
creased. The palliative benefits are strik- 
ingly better than with open 250 kv. portals. 
Grid therapy with 250 kv. showed a greater 
degree of palliative value than open portals 
but not as satisfactory as supervoltage 
therapy. 

The squamous cell carcinomas of the 
palatine arch and of the oropharynx re- 
quire radical therapy, best undertaken by 
a team consisting of a surgeon and radio- 
therapist accustomed to the management 
of recurrences and complications at the 
primary site and the utilization of combined 
radiation and surgical techniques for a more 
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successful treatment of metastases to the 
neck. 


Gilbert H. Fletcher, M.D. 
Section of Radiotherapy 
M. D. Anderson Hospital! 

and Tumor Institute 
Houston, Texas 
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SUPERVOLTAGE (2 MEV.) ROTATION IRRADIATION 
OF CARCINOMA OF THE HEAD AND NECK* 


By MILTON FRIEDMAN, M.D., 


MARTHA E. SOUTHARD, M.D., and WILLIAM ELLETT, M.Sc. 


NEW YORK, NEW YORK 


bi ews ROLE of supervoltage irradiation 
with rotation in the treatment of can- 
cer of the head and neck was studied by 
analyzing 143 patients having 147 car- 
cinomas of the head and neck. All were 
irradiated with roentgen rays from a 2 mev. 
resonant transformer generator, from Feb- 
ruary I, 1951 to January 1, 1957. The le- 
sions were squamous cell carcinoma with 
the exception of a few salivary gland and 
nasal sinus tumors. In Table 1 is given the 
number of lesions arising in each of eight 
major anatomic regions. 


TABLE I 


HEAD AND NECK LESIONS 


Nose and nasopharynx 18 
Intraoral (misc.) 19 
Nasal sinuses 12 
Salivary glands 7 
Tonsil 22 
Tongue 21 
Pharynx 30 
Larynx 18 

Total 147 


The original intent was to use rotation 
techniques!” for all patients, but whenever 
clinical judgment indicated a preference for 
multiple stationary portals, the latter were 
employed.* Consequently rotation was used 
for 98 (67 per cent) lesions and stationary 
portals for 49 (33 per cent) lesions. Table 1, 
an amplification of Table 1, was compiled 
retrospectively on the basis of the treat- 
ment techniques that we had elected to 
employ. For one group of lesions, rotation 
techniques were used predominantly; for 


another group stationary portals were pre- 
dominant; and in the third group either 
technique was satisfactory. The a 
tion of lesions within specific groups i 
Table u reflected anatomic or biologic a 
tures which influenced radiocurability. 


TABLE II 


FREQUENCY OF EMPLOYMENT OF ROTATION AND STA- 
TIONARY PORTALS FOR EACH ANATOMIC SITE 


Stationary 


Rotation 
Portals 


ROTATION PREDOMINAN TL. y E MPI OY E D 


Nasopharynx Il 3 (lymph 
nodes) 

Nasal sinuses 10 2 
Tonsil 14 3 
Tonsillar pillar 5 fe) 
Tongue, anterior two thirds 

and margin 1S 2 
Larynx—recurrence, local or 

to lymph nodes 8 ° 
Salivary gland (parotid) 6 I 


ROTATION OR STATIONARY PORTAL OP- 
TIONAL 


Tongue, dorsum 2 2 
Nasal cavity 1 3 
Alveolar ridge 3 3 
Floor of mouth 5 3 
Pyriform sinus 5 4 
Soft palate 3 2 
Buccal mucosa I ° 


STATIONARY PORTALS PREDOMINANTLY 


EMPLOYED 

Larynx—primary 4 6 
Epi-esophagus 2 5 
Valleculum ° 3 
Pharynx (misc.) 3 7 


Totals 98 49 


* From the Lila Motley Radiation Department, Hospital for Joint Diseases, and New York University College of Medicine, New 


York, New York. 


Presented at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, Canada, May 29-June 1, 
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TYPES OF DOSAGE DISTRIBUTION PATTERNS 


When describing a cylinder of high dos- 
age irradiation the following features should 
be mentioned: (1) Dimensions of the cylin- 
der (diameter and height); (2) amount of 
immersion in tissue of the cylinder (7.e., 
complete cylinder or partial cylinder); (3) 
360°, or sector rotation (270°, 180°, and 
go°); (4) relation of the axis of rotation to 
the central axis of the tumor volume (Fig. 
8, 10 and 11); (5) the ‘index of efficiency” 
of the rotation pattern.‘ 

Kor each new patient in this series, a 
body contour was constructed at the level 
of the lesion, and an optimal rotation tech- 
nique selected. An isodose distribution pat- 
tern was then made with the aid of film 


70 SO 


LEVEL: NASOPR. 
450M. PORTAL A 
360° 
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densitometry and checked with random 
ionization chamber measurements. After 
preparing an atlas of approximately 150 
isodose distribution patterns, it became ap- 
parent that four basic patterns were being 
repeatedly employed. 

The four common types of dosage distri- 
bution patterns were: (1) A completely 
immersed small cylinder of high dosage ir- 
radiation within the head and neck (Fig. 
14); (2) a small cylinder, partially im- 
mersed (Fig. 2); (3) “in continuity” irradia- 
tion, the cylinder being completely im- 
mersed at the level of the primary tumor, 
and partially immersed at the neck lymph 
node level (Fig. 3 and 8); (4) a large partial 
cylinder for “in continuity” irradiation 
(Fig. 3 and 10). 


LEVEL: NASOPH. 


7CM. PORTAL B 
360° 


Fic. 1. Isodose curves obtained with 360° rotation for a centrally placed lesion such as carcinoma of the 
nasopharynx. (4) Narrow cylinder 4.¢ cm. in diameter. (B) Relatively large cylinder 7 cm. in diameter. 
Note that with a large cylinder the efficiency of the rotation technique is reduced in that the adjacent 


normal structures are more heavily irradiated. 
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Fic. 2. “The partially immersed cylinder” technique 
used for laterally placed lesions. This is the print 
of a film exposed to 2 mev. roentgen rays in a 
pressdwood phantom, the shape of which is de- 
lineated by the black line. Although 360° rotation 
was used, there was a rapid fall-off of dosage out- 
side the high intensity cylinder. All isodose curves 
were obtained by densitometric scanning of this 
type of film and checked by random ionization 
measurements. 


I. THE COMPLETELY IMMERSED SMALL CYLINDER OF 
HIGH DOSAGE IRRADIATION WITHIN THE HEAD 
AND NECK 

This is used in carcinoma of the naso- 
pharynx, nasal sinuses, and oropharynx, 
where the primary tumor is situated cen- 
trally and is to be irradiated separately 
from the neck lymph nodes. Since the cross 
section area of the cylinder is small with 
respect to the total cross section of the 
head, the fall-off of irradiation peripheral to 
the cylinder is rapid and the dose to the 
surrounding normal tissues is small. Since 
the width of this fall-off gradient is rela- 
tively narrow, the “index of efficiency” of 
the rotation technique is high. Figure 17 
illustrates this pattern in the treatment of a 
carcinoma of the nasopharynx. 


Milton Friedman, Martha E. Southard and William Ellett 


MARCH, 1959 


When the area of the cylinder is rela- 
tively large compared with the total cross 
section of the head, fall-off in dosage grad- 
ient is slow. The tissue dose to different 
points in the adjacent normal structures be- 
comes higher (Fig. 18) and the “index of 
efficiency” of the rotation pattern becomes 
low. 

The technique of complete immersion of 
the cylinder of irradiation is also employed 
for carcinoma of the antrum (Fig. 4, 7 and 
B), the cylinder being eccentrically placed. 
As the cancer usually extends outside the 
antral cavity, a large 7 or 8 cm. diameter 


Fic. 3. Diagrammatic illustration of “in continuity” 
irradiation of the primary tumor and neck lymph 
nodes. Pattern number 4 is illustrated by the 
above diagram and Figure to. Pattern number 
3 entails a smaller cylinder, the axis of which is 
more deeply situated. Thus at the level of the pri- 
mary tumor, the cylinder would be completely 
immersed, whereas at the neck |vmph node level 
it would be partially immersed, as in Figure 8, 4, 
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8CM. PORTAL 
260° 


Fic. 4. Isodose curves from the irradiation of an extensive carcinoma of the antrum. The cylinder of high 
dosage irradiation (shaded areas) is completely immersed in the body. A large cylinder 8 cm. in diameter 
is employed to include disease which has crossed the midline. (4) 360° rotation. (B) 260° sector rotation 
used to avoid directing a beam through the opposite eye. It failed to achieve its purpose when the portal 
size was large. It served only to reduce the homogeneity of the irradiation in the tumor volume without 


significantly decreasing the dose to the opposite eye. 


cylinder must be used and this may be a 
threat of danger to the eyes. Sector rota- 
tion, which avoids directing the radiation 
beam through the opposite eye, was ex- 
pected to minimize irradiation injury to 
that organ, but it merely reduced the homo- 
geneity of the irradiation within the tumor 
volume without significantly decreasing the 
dose to the opposite eye (Fig. 4B). When 
the carcinoma invades the orbit and the 
cylinder of irradiation must encompass the 
eyeball, a calculated risk of injury to the 
opposite eye must be accepted. To date, we 
have fortunately had no lens cataract from 
tissue doses of 4,000 to 5,000 rads to the 
opposite eye among the few pateints who 
have survived. Should this hazard become 
consequential, it may be necessary to forego 
rotation technique in favor of multiple 
stationary portals which bypass the oppo- 


site lens and cornea. In the vertical axis 
the best protection for the eye is achieved 
by a well collimated beam, which produces 
a sharp cut-off at the upper surface of the 
cylinder just beneath the eyeball. 

Figure 5 illustrates a multiple portal 
technique for carcinoma of the ethmoid 
sinus or nasal cavity. The minimal side 
scattering from a well collimated beam of 
supervoltage roentgen rays is an important 
factor in sparing the eyes while permitting 
a large tumor dose. 


2. THE PARTIALLY IMMERSED SMALL CYLINDER 


This is used for lesions near the surface 
which require large tumor lethal doses, such 
as carcinoma of the parotid gland or recur- 
rence in cervical lymph nodes. As the par- 
tial cylinder is small in all dimensions and 
the index of efficiency is high, large tumor 
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lic. 5. Stationary portal technique for carcinoma of the ethmoid sinus or nasal cavity, used when the rota- 
tion technique endangers the normal eye. The minimal side scattering from supervoltage roentgen rays 
avoids injury to the eyes even though the tumor dose is 9,000 rads (3,000 r maximum surface dose to each 


of 7 portals). 


doses may be given safely. Figure 2 illu- 
strates the efficiency of this technique. 

The advantages in using 180° sector ro- 
tation instead of 360° rotation are slight, be- 
cause there is almost no change in dose dis- 
tribution throughout the tumor and there is 
a small but useful reduction in the tissue 
dose to adjacent normal structures. Past- 
pointing may compensate for inequities in 
dose distribution produced by sector rota- 
tion. Figure 6, 4 and B illustrates the dosage 
distributions for a parotid tumor when 180° 
sector rotation is compared with 360° com- 
plete rotation. The shaded oval represents 
the cylinder of high dosage irradiation. 
Note that 180° sectoring flattens the go 
per cent isodose curve slightly and reduces 
the tissue dose at 6 cm. depth from 83 per 
cent to 80 per cent. The slight reduction of 
tissue dose to adjacent normal structures is 
illustrated in Figure 68. This improved 
dose distribution, although slight, is a re- 
versal of the eccentrically placed com- 
pletely immersed large cylinder in Figure 3, 
wherein sector rotation is less efficient than 
360° rotation. 

The partial cylinder technique was fre- 
quently employed for locally extensive 


carcinoma of the antrum, when the disease 
had extended outside the confines of the 
antral cavity (Fig. 7). Dosage and protec- 
tion considerations for the eye have been 
discussed under Pattern 1. 


3. “IN CONTINUITY” IRRADIATION OF THE PRIMARY 
TUMOR AND METASTATIC LYMPH NODES, THE CYLIN- 
DER IS COMPLETELY IMMERSED AT THE LEVEL OF 
THE PRIMARY TUMOR AND PARTIALLY IMMERSED 
AT THE LEVEL OF THE NECK LYMPH NODES 

This technique is employed for carcinoma 
of the tonsil, posterior margin of tongue and 
lateral wall of the oropharynx, when the 
primary tumor and the lymph node region 
do not occupy a large portion of the cross 
section areas of the patient (Fig. 8, 4, B 
and C). The maximum diameter of the 
cylinder seldom exceeds 6 cm. By virtue of 
the small cylinder size, the technique has a 
high index of efficiency and permits the safe 
administration of large tumor doses. 


4. LARGE PARTIAL CYLINDER FOR “IN CONTINUITY” 
IRRADIATION 

This is our most popular technique, espe- 

cially for cancer of the tonsil, tonsillar 

pillar, tongue and oropharynx (Fig. 9 and 

10). It is used when the primary tumor is 
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lic. 6. Comparison of 360° rotation (4) with 180° sector rotation (B) for a partially immersed cylinder of 
high dosage irradiation. The contour was made at the level of the parotid gland. The width of the irradi- 
ation cylinder was 5 cm. The shaded area represents the theoretic clyinder of high dosage. One hundred 
and eighty degree sectoring (B) flattened the go per cent isodose curve slightly and reduced the tissue dose 
at 6cm. depth from 83 per cent to 80 per cent. There was only slight reduction in the tissue dose to adjacent 


normal structures. 


large or reaches the mid-line and there are 
multiple metastases to the neck lymph 
nodes; when it is desired to irradiate an en- 
tire regional lymph node area with or with- 
out the primary tumor; or when the pri- 
mary tumor and lymph nodes are widely 
separated that in order to encompass all 
disease a broad cross-section is necessary 
(Fig. 11). 

The height of the cylinder tends to be 
large, 9 to 13 cm., and the diameter ranges 
from 7 to 11 cm. Usually 50 per cent but 
occasionally 75 per cent of the high dosage 


lic. 7. Large partially immersed cylinder for 
an extensive lesion which had extended 
widely in all directions including the orbit. 
The eyeball was included in the cylinder of 
high dosage irradiation. 


volume is immersed (Fig. 11). 
The reason for using a partial cylinder is 
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Fic. 8. (4 and B) Isodose distribution for Pattern 
number 3, which delivers a completely immersed 
cylinder of high dosage to the primary tumor at 
the level of the tonsil (4), and a partially immersed 
cylinder to the regional lymph nodes at the hyoid 
level (B). The shaded areas represent the theoretic 
cylinder of high dosage irradiation. (C) Carcinoma 
of the supratonsillar fossa with marked local ex- 
tension. The upper diagram illustrates the appear 
ance after the soft palate was split in the course of 
surgical exploration. Patient is free of disease since 


February 1, 1954. 
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that a patient can tolerate the severe 
epithelitis from large doses of irradiation, 
providing the reaction is unilateral. As 
will be shown later, large maximum tumor 
doses ranging from 7,000 to 11,000 rads are 
frequently required to destroy tumors of 
the upper respiratory tract. It is impossible 
to deliver tumor doses of this magnitude 
through two cross-firing portals or through 
a single portal. 

In order to deliver very large doses to a 
partially immersed cylinder and produce an 
epithelitis on one side only, a well colli- 
mated beam is required. Few of the cur- 
rently available commercial cobalt 60 tele- 
therapy apparatuses are capable of produc- 
ing a sharply delineated cylinder of high 
dosage irradiation. For efficient rotation ir- 
radiation of kilocurie apparatus at a source- 
skin distance of approximately 95 cm. must 
be used with a suitable beam definer like 
the Johns’ collimator. Most high energy 
supervoltage and megavoltage machines 
producing roentgen rays have efficient col- 
limators. Our 2 mev. resonant transformer 
generator has an efficient multiple leaf 
diaphragm system designed by Dale Trout. 

ROTATION VERSUS STATIONARY PORTALS 

The original intent of this clinical experi- 
ment with rotation techniques had to be 
altered in a number of cases when clinical 
judgment dictated that stationary portals 
were preferable (Table 11). For example, 
carcinoma of the nasopharynx is a centrally 
located lesion for which supervoltage rota- 
tion is an ideal technique (Fig. 14). On 
three occasions stationary portals were em- 
ployed because the metastatic lymph nodes 
were high in the neck or at the level of the 
ear so that the entire disease could be en- 
compassed within two cross firing portals. 
Ordinarily the lymph nodes are separately 
irradiated as shown in Figure 12 or included 
in a large partial cylinder as demonstrated 
in Figure 11. 

In the first group of lesions in Table 1, 
rotation was predominantly employed be- 
cause the geometry of the lesions fitted well 
into the dosage patterns of the four tech- 
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Fic. 9. In the course of treatment planning the con- 
tour at the level of the primary carcinoma of the 
tongue and tonsillar pillar region (light shaded 
area) was superimposed on the contour of the neck 
at the level of the metastatic lymph node (dark 
area). A partially immersed cylinder of high dos- 
age irradiation was selected to encompass all the 
disease in continuity. 


niques described previously. In the second 
group wherein the selection of rotation or 
stationary portals was optional, the choice 
of the technique was dictated by the size 
and extent of the lesion, i.e., a primary car- 
cinoma of the pyriform sinus with ipsi- 
lateral lymphadenopathy would be irradi- 
ated with a partial cylinder, whereas if it 
extended across the midline or had pro- 
duced bilateral lymph node involvement 
two cross-firing portals would be employed. 
In the third group, stationary portals were 
predominantly employed because the pri- 
mary tumors were mostly in the midline of 
the neck and two cross-firing portals en- 
compassed all the disease plus a minimal 
amount of normal tissue. 

In the early days of this experiment, 
rotation techniques were employed for 
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LEVEL: MIDTONSIL Sem Porta 


S9cm 360° Rotation 
360° Rotation 
A 


C 


Fic. 10. (4 and B) Bulky carcinoma of the tonsil reaching the midline. Isodose curves (4) are at the level 
of the primary tumor (shaded area). At the neck level (B) is the inferior extension of the tonsillar lesion. 
There was no involvement of neck lymph nodes, but the large size and extent of the primary tumor 
prompted prophylactic irradiation of a large lymph node region. (C) Bulky carcinoma of the tonsil 
illustrated in 4 and B. Patient is free of disease since April 19, 1956. The dose amounted to 6,688 rads in 
thirty-six days. 
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Fic. 11. Partially immersed large cylinder of high dosage irradiation for a carcinoma of the nasopharynx with 
widespread adenopathy in the infra- and postauricular regions on one side. This is a working diagram 


demonstrating the method of tumor dose calculation. 


carcinoma of the larynx. We soon realized 
that there was no special advantage for the 
tumor or normal tissues and discontinued 
rotation. On the other hand, some patients 
with cancer of the laryngopharynx and epi- 
esophagus frequently had extensive lymph- 
adenopathy low in the root of the neck en- 
gulfing the trachea and extending into the 
thoracic inlet. Only with rotation could sat- 
isfactory irradiation be executed (Fig. 13). 


DOSAGE 


The controversial nature of clinical 
supervoltage dosage is underscored by the 
last word in the title of the soon to be pub- 
lished Proceedings of the 1956 Oak Ridge 
Seminar on the subject entitled “‘Roent- 
gens, Rads, and Riddles.’’* Some clinical 
radiotherapists administer for a tumor 
lethal dose the same number of super- 


voltage rads as orthovoltage roentgens. Ra- 
diobiologic experiments with different test 
objects have yielded relative biologic effec- 
tiveness (RBE) values for supervoltage 
irradiation ranging from 0.7 to 1.0. 


lic. 12. Tangential technique used in carcinoma of 
the nasopharynx for irradiating lymph nodes in 
both cervical and supraclavicular regions. Tissue 
doses ranging from 6,000 to 8,000 rads can be de- 
livered with supervoltage radiation. 
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STERNUM 


Fic. 13. Plan for rotation irradiation of post- 
laryngectomy recurrent carcinoma of the larynx 
in or near the tracheotomy stoma. The upper half 
of the high dosage cylinder (shaded area) lies at 
the neck level which has a narrow cross section. 
The lower half of the cylinder lies within the 
thoracic inlet which has a large cross section of 
normal tissue. Nevertheless, the dose distribution 
is reasonably similar at both levels. Two patients 
were successfully irradiated with tumor doses of 
9,009 and 9,818 rads, respectively. 


We have accumulated several thousand 
graphic records of skin and mucous mem- 
brane reactions produced by graded doses 
of 250 kv. roentgen rays.°:° We, therefore, 
administered in the same over-all treatment 
periods, that amount of supervoltage roent- 
gen radiation which would produce epithe- 
litis and tumor shrinkage curves similar to 
those produced by a tissue dose of 6,000 
roentgens with 250 kv. roentgen rays. The 
comparable maximum supervoltage tumor 
doses ranged from 7,000 to more than 9,000 
rads. The problem of dosage was further 
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confounded when rotation techniques were 
employed, for the dose had to be increased 
further to produce similar effects. 

Figures 14 and 15 indicate the range of 
dosage used for similar lesions in three 
anatomic sites treated with stationary 
portals as compared with rotation tech- 
niques. The tumor doses stated in this 
paper are the “maximum tumor doses” 
within the 100 per cent region of the isodose 
curves. 

Let us first compare supervoltage roent- 
gen rays with orthovoltage roentgen rays 
using the two opposing portal technique 
(Fig. 14). In the treatment of carcinoma 
of the larynx with 250 kv. roentgen rays, 
the most commonly employed range of 
tumor lethal dose is 6,000 to 6,500 rads. 
Our median dose with 2 mev. roentgen rays 
was 8,220 rads in thirty-eight days. In 
many instances it was necessary for tumor 
destruction to administer doses up to 
10,000 rads. A number of the larynx lesions 
were recurrent, especially in the trache- 
ostomy stoma. These are known to be more 
radioresistant than a small primary car- 
cinoma of the vocal cord, and require doses 
ranging from 7,000 to 10,000 rads. With 
supervoltage roentgen rays we were able to 
administer these large doses safely. 

For carcinoma of the pharynx and epi- 
esophagus our median dose of 7,500 rads in 


DOSES USED WITH TWO PORTAL TECHNIQUE 


No. | Medion TUMOR DOSE OVERALL TIME 
of sizé ot (1000 rads) (in days) 
cases] portal 
(cm) 5 6 7 § 9 if tt} 20 30 49 SO 60 79 
LARYNX 12 | 5x5 T 
8220 38 
|TONGUE 
TONSIL 9 8xI0 
6500 
PHARYNX 
EPI 5 | 6x9 
ESOPHAGUS 7400 39 - 


Fic. 14. Diagrammatic illustration of doses employed in this series with the two portal cross-firing technique. 
The vertical bars, with a number below each, indicate the median dose and median over-all time. 
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DOSES USED WITH ROTATION TECHNIQUE 
No. | Median TUMOR DOSE OVERALL TIME 
of size of (1000 rads) (in days) 
coseg portal 
(cm) 5 6 7 § 9g 10 1j/20 30 40 50 60 79 8) 
4x4 
LARYNX l2 to T T 
8x10 9100 
TONGUE 6X5 
TONSIL 45 to 
MOUTH 8250 39 
PHARY NX 
EPI 6x9 
ESOPHAGUS 9080 50 


lic. 15. Compare these rotation technique doses with the stationary portal doses in Figure 14. 
Rotation seems to require larger maximum tumor doses. 


thirty-nine days was also higher than the 
doses employed with 250 kv. In the group 
of intraoral cancers our doses with super- 
voltage roentgen rays were similar to or 
only slightly higher than those we had previ- 
ously delivered with 250 kv. roentgen rays. 

Thus, when irradiating most cancers of 
the head and neck with 2 mev. roentgen 
rays, it was necessary to use significantly 
larger doses than with 250 kv.; sometimes 
as much as 33 per cent larger. 

When rotation techniques were employed 
with 2 mev. roentgen rays (Fig. 15), the 
doses had to be still larger in order to pro- 
duce the same effects; sometimes as much 
as 50 per cent larger than with 250 kv. 
roentgen rays. As a matter of fact, in the 
68 cases in Figure 15 tumor doses between 
g,000 and 11,000 rads were employed in 
28 instances. We are unable to explain the 
higher dosage requirements for rotation 
techniques. The physical dosimetry was 
critically reviewed and found to be reason- 
ably accurate. It was suspected that with 
rotation, the large integral dose and large 
tissue dose to normal structures surround- 
ing the cylinder of high intensity irradiation 
might reduce the effectiveness of irradi- 
ation by means of some unknown radio- 
biologic mechanism. This hypothesis can 
be countered by the observation that irra- 
diation of the head and neck with two 
large opposing portals often produces 


larger tissue doses in the normal tissues; 
yet, the required tumor lethal dose remains 
conventionally low and produces severe 
epithelitis. 

Figure 16 is a scatter diagram of the doses 
and over-all times employed in this series. 
The solid dots represent arrest of the ir- 
radiated lesion for one to five years; the 
circles represent incomplete shrinkage or 
recurrence of the irradiated lesion. This is 
purely a dosage study and is not related to 
the cure of the patient. The most common 
doses ranged from 6,500 to 10,000 rads over 
a period of thirty to fifty-five days. These 
doses may seem unduly high, but the nu- 
merous failures in this dose range attest to 
their propriety. Thus Figure 16 shows that 
many squamous cell carcinomas are ex- 
tremely radioresistant and may require for 
their eradication with 2 mev. roentgen ray 
doses higher than 11,000 rads. 


RADIONECROSIS 


Physical dosimetry has demonstrated 
that the absorbed bone dose is less from 
supervoltage than orthovoltage radiation. 
It was, therefore, expected that bone dam- 
age from supervoltage irradiation would be 
minimal. This is stated as an axiom in a 
majority of papers on supervoltage irradia- 
tion. However, in our experience the in- 
cidence of radionecrosis of bone and carti- 
lage in the head and neck is similar to that 
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Fic. 16. Effect of dose on the irradiated lesion. The ordinate figures are to be multiplied by 1,000 and repre- 
sent the maximum tumor dose in rads. The solid dots represent tumor arrest ranging from one to five years; 
the circles represent incomplete shrinkage or local recurrence of the irradiated lesion. The common dosage 
range is from 6,500 to 10,000 rads. These doses were inadequate for many tumors. 


from orthovoltage roentgen rays. The prob- 
able explanation is that anatomic, clinical 
and pathologic factors contribute much 
more to the production of radionecrosis 
than physical factors. 

Ten patients had radionecrosis of bone. 
Five had had previous irradiation with 200 
kv. roentgen rays. Among the other 5 pa- 
tients the dose was large or bone invasion 
by cancer was extensive and necrosis re- 
sulted. 

Three patients had radiochondritis, and 
5 patients had radionecrotic ulcer with 
hemorrhage. 

One patient, with rhabdomyosarcoma ot 
the posterior third of the tongue and hypo- 
pharynx with bilateral lymph adenopathy 
was irradiated through two cross-firing 
portals. Because of the position of the 
lymph nodes and curvature of the spine, it 
was impossible to protect the spinal cord. 
He sustained cervical myelitis following a 


tissue dose of 8,000 rads in sixty-one days. 
The patient remains free of disease for two 
years. 


MULTIPLE PRIMARY CANCERS 
OF THE HEAD AND NECK 
Of special interest in this group of 143 
patients was the significant number of 
multiple primary cancers arising in the 
mucous membrane of the upper respiratory 
tract (Table m1). Seven patients had two 


TaBLeE III 


MULTIPLE PRIMARY CANCERS OF THE 
HEAD AND NECK 


No. of Patients 


primary cancers I 
Three primary cancers 3 
Two primary cancers 9 
One head and neck cancer 

and a distant primary cancer 7 


Total 18 
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independent primary cancers; 3 patients 
had three; and 1 patient had four independ- 
ent tumors. This is another instance of an 
unfavorable biologic factor (successive new 
primary tumors) blunting a potential ad- 
vantage of supervoltage irradiation. 

However, in multiple or continuous re- 
current tumors, supervoltage irradiation 
with rotation has special usefulnesss in en- 
abling the placement of a volume of high 
dosage irradiation near a previously irradi- 
ated area without too great a danger of 
radionecrosis. 


GENERAL COMMENTS 


The 60-30-10 Law. The principle of this 
law is not new, but we have assigned to it 
value judgments. The 60-30-10 law is as 
follows: The values of the factors which in- 
fluence irradiation cures are 60 per cent 
for the nature and extent of the tumor, 30 
per cent for the skill and experience of the 
therapist, and 10 per cent for the modality 
employed. 

Thus supervoltage irradiation may po- 
tentially increase the cure rate for cancer 
only Io per cent. For some lesions it may be 
higher, and for others lower than 10 per 
cent. 

This “law” was not hypothetically con- 
trived but arose from a study of our results. 
Since it is current lore that 6,000 rads is the 
dose to be used for epithelioma of the head 
and neck and since early studies with super- 
voltage rotation showed how easy it was to 
deliver much more than 6,000 rads to any 
cancer of the head and neck, we expected a 
significant improvement in the arrest rate 
of these tumors. With increasing experi- 
ence, it became evident that factors other 
than the modality were far more important 
in eradicating a tumor. We have attempted 
to indicate the relative importance of these 
factors. 

The Index of Efficiency. The efficiency of 
any irradiation technique is determined by 
its ability to deliver high dosage within the 
tumor volume and minimal dosage to the 
surrounding normal tissues. With rotation 
techniques, study of the isodose curves of a 
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cross section of the body illustrates the rate 
of all-of¥ (7.e., the dosage gradient) from the 
tumor volume to the surrounding normal 
tissues. For example compare Figure 14 
with 12. The measure of the efficiency can 
be expressed as the distance in centimeters 
from the 95 per cent isodose line to the 50 
per cent isodose line. This distance we have 
called ‘“‘the index of efficiency” of a rotation 
technique. The index is useful when the 
high dosage volume is in or near the center 
of a cross section area and the rotation is 
360°. It becomes less useful when the high 
dosage volume is eccentric or when rotation 
is less than 360°. Nevertheless, it is helpful 
to keep the concept in mind when selecting 
a rotation technique for a particular lesion. 


RESULTS 


There were 143 patients who had 147 
carcinomas of the head and neck treated 
with supervoltage (2 mev.) roentgen rays. 
Although the number of cases in each of the 
18 anatomic sites was too small to be statis- 
tically significant, detailed analysis in depth 
of each case yielded some useful impres- 
sions, 

Carcinomas of the tonsil were consist- 
ently radiosensitive, all 21 lesions showed 
complete primary shrinkage for different 
lengths of time, ranging from two months 
to four years (Table rv and Fig. 17). Five ot 
the 21 recurred, 1 of which recurred outside 
the cylinder that had received 8,000 rads. 
It was controlled with a second course of 
supervoltage rotation irradiation. Car- 
cinoma of the tonsil is an ideal lesion for 
supervoltage rotation irradiation, using the 
technique of partial immersion of the high 
dosage cylinder for “in continuity” irradia- 
tion (Fig. 10,.4,B and C). Stationary portals 
were used in only 3 cases where the disease 
had crossed the midline and lymph adenop- 
athy was bilateral. The median tumor 
dose was 8,055 rads in forty-four days. 

Five cases of carcinoma of the tonsillar 
pillar, not included in Table tv, were ir- 
radiated with the rotation technique. Four 
died in less than one year and one is free of 
disease for one and one-half years. 
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TaBLe IV 


CARCINOMA OF TONSIL 
Results (1951 to 1957 Inclusive) 


Local 


Outcome 
Stage Rads_ Days 
Rotation 
2 8,316 36  Recurred D 19 
1A 9,140 46 Complete A 63 
2 7,793 34 #£JRecurred D to 
3. 7,034 46 Recurred 
1C 7,034 36 Complete A 38 
IC 9,458 46 Complete A 43—surgery 
2 8,399 46  Recurred Dis 
1B 7,750 29 Complete A 38 
1C 6,000 30 Complete A 36 
1C 8,524 44 Complete A 31 
1A 8,055 40 Complete D 23 
2 7,172 40 Complete A 28 
iC 8,013 50 Complete A 31 
2 8,005 49  Recurred D 21 
1A 8,236 41 Complete A 24 
1C 6,688 36 Complete 
2 6,035 39 Complete A 21 
3. 9,300 46 Complete A 18 
Stationary Portals 
2 6,867 48 Complete Als 
iC 8,074 65 Complete D 6 
49 Complete Dit 


3 71449 


Median tumor dose—8,055 rads in forty-four days. 
A—alive. 


D—dead. 


Carcinoma of the tongue was divided for 
the purpose of this study into two groups: 
the dorsum of the posterior third of the 
tongue (Table v); and the anterior two- 


TABLE V 


CARCINOMA OF TONGUE (DORSUM OF THE 
POSTERIOR ONE-THIRD) 
Results (1951 to 1956) 


Local Outcome 


Marcu, 1959 


CA TONSIL -RESULTS 


Rads Days Response (months) 
Rotation 
7 5900 42 Complete A 52 
9,578 39 Complete A 24 
10,033 34 Complete A 60 
Stationary Portals 

5,112 22 Incomplete D 6 
8,385 39 Complete A 70 
8,200 85 Incomplete D 3 


Median tumor dose—8,300 rads in thirty-nine days. 


NO_ STAGE 1952 3 6 7 1958 
2 | 

2 1A t 

2 | 

4 3 | = 

5 ic | —o— = 

8 1B + ms 

10 icf -|- + 

it 1A 

i2| 2 | | 

14 | 2 | | 

15 | 1A | o— 

16) IC | | 

| 

i9 | 2 | | 

| | 
Te | | ——0+—@ | 
a1 3 | | | 
Surgery Death 


A \tradiation 


Fic. 17. Results with 21 carcinomas of the tonsil up 
to January 1, 1958. The broken line represents 
duration of previous symptoms; the circle is the 
date of irradiation; and the black square is the time 
of death. Stage 1A, B, and C represents a local 
lesion which is small, large, or invades adjacent 
organs. Stage 2 represents movable lymph nodes; 
and Stage 3 fixed lymph nodes. 


thirds and margin of the tongue (Table v1). 
In the 6 patients with carcinoma of the 
posterior dorsum, 4 lesions disappeared 
following irradiation and the patients are 
free of disease from two to five and one-half 
years. The median tumor dose for carci- 
noma of the posterior dorsum of the tongue 
was 8,300 rads in thirty-nine days. There 
is no reason for preferring rotation for 
carcinoma of the posterior dorsum of the 
tongue unless the tumor is adjacent to an 
area which had been previously irradiated. 

The results in the 16 carcinomas of the 
anterior two-thirds and margin of the 
tongue treated with supervoltage irradia- 
tion were not satisfactory. Complete pri- 
mary shrinkage occurred in 5 patients, 4 of 
whom have remained free of disease. Two 
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VI 


CARCINOMA OF TONGUE (ANTERIOR TWO-THIRDS 
AND MARGIN) 
Results (1951 to 1956) 


Local Outcome 
Response (months) 
Rotation 
9,358 39 Complete A 31—2nd tumor 
9,904 46 Incomplete A 25—surgery 
9,713 48 Recurred A 12—surgery 
8,013 43 Complete A 12 
8,713 46 Complete Alt 
6,764 31 Incomplete A 7 
6,930 27 Recurred Dis 
8,046 36 Recurred ID 14 
6,927 Recurred Dit 
8 736 29 Complete D 8 
8 ,004 32 Incomplete D 6 
8, 303 48 Incomplete D 4 
6,222 4! Incomplete D 3 
8,415 46 Complete D 2 
Stationary Portals 
9,018 49 Recurred D 8 
; Incomplete D 6 


4,908 26 


Median tumor dose—8,400 rads in thirty-nine days. 


of these survived following surgery for re- 
currence. The most common technique 
used was the partial cylinder for “in con- 
tinuity” irradiation of the primary tumor 
and lymph node region. The median tumor 
dose was 8,400 rads in thirty-nine days. The 
lesions which underwent complete primary 
shrinkage received doses larger than the 
median tumor dose. Therefore, the median 
dose we employed for these lesions should 
probably be considered as the minimal 
tumor lethal dose for the disease. The radio- 
resistance is further demonstrated by the 
fact that local lesion failures occurred in 
spite of tumor doses of 9,018, 9,713 and 
9,904 rads (Table vi). As a result of these 
experiences, we have reverted to treatment 
of carcinoma of the anterior two-thirds of 
the tongue with interstitial irradiation. 

Of 7 parotid cancers only the 5 which 
were irradiated with rotation techniques 
are illustrated in Table vu. All died. Al- 
though this sample is not representative be- 
cause of the few cases and advanced stage of 
disease in every instance, the absence of 
primary shrinkage in 4 of § cases despite 
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Taste VII 
CARCINOMA OF PAROTID GLAND 
Results (1951-1956) 
Outcome 

Rads Days Local Response : 

(months) 

Rotation 

9,625 33 Recurred Dis 
10,000 40 Incomplete D 6 
10,039 65 Incomplete D 8 
10,600 23 Complete D 8 
10,253 52 Incomplete D 4 


Median tumor dose—10,039 rads in sixty-five days. 
enormous doses ranging from 9,625 rads to 
10,253 rads 1s significant. Our previous ex- 
perience with 250 kv. roentgen rays, using 
either the  ‘‘single-portal-massive-dose”’ 
technique or the grid, has been more favor- 
able than with supervoltage irradiation. As 
of this moment, we prefer orthovoltage 
roentgen rays until the role of supervoltage 
roentgen rays will have been more 
thoroughly explored.*:® 

In carcinoma of the larynx, our material 
encompassed too many phases and stages 
of the disease to warrant detailed analysis. 
However, there were 2 unusual cases of post- 
operative recurrence around the trache- 
otomy stoma. These lesions are ordinarily 
dificult to treat and rarely eradicated. A 
completely immersed small cylinder of 
high dosage irradiation was used. The doses 
were 9,009 rads in fifty days and 9,818 rads 
in seventy-eight days, respectively (Fig. 

3). The lesions have apparently been ar- 
rested since January, 1953 and June, 1956, 
respectively. 

In the 13 other anatomic sites listed in 
Table 1 there were occasional lesions the 
response of which exceeded that custom- 
arily seen following orthovoltage irradia- 
tion. Tabulation and analysis of these iso- 
lated samples is not fruitful, but they are 
included in the summarizing Tables vit and 
1x and contribute to the survival rates. 

Most of the carcinomas in this series were 
extensive. Less than 10 per cent were 
smaller than 3 cm. diameter. Almost half 
the tumors were recurrent following previ- 
ous irradiation or surgery. The prognosis of 
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Taste VIII 


COMPARISON OF RESULTS——PRIMARY VERSUS RECURRENT CARCINOMA OF 
THE HEAD AND NECK 


Marcu, 1959 


January, 1957 


I 2 3 | 4 | > 
Years after Irradiation —| 
R P R P R P R 
| — 
No. of Patients Treated 52 42 %4 35 16 17 9 | 3 
No. Arrested 33 27 14 12 5 6 3 3 I I 
Per Cent Arrested 63 64 41 34 3 35 33 30 25 33 


P—Primary tumor. 
R—Recurrent tumor. 


this group of tumors would ordinarily be 
poor, and the prognosis of the recurrent 
tumors would be particularly poor. How- 
ever, comparison of the results of the treat- 
ment of primary versus recurrent tumors 
(Table vitt) shows that recurrent tumors 
have a higher three year arrest rate (35 per 
cent) than primary tumors (31 per cent). 
These results strongly suggest that super- 
voltage irradiation, particularly with rota- 
tion, has special merit in the treatment of 
advanced and recurrent carcinoma of the 
head and neck. 

Analysis of the apparent arrest rates in 
this series of 143 patients is presented in 


treated prior to January, 1956. The ab- 
solute three year apparent arrest rate was 
33 per cent; and the five year apparent 
arrest rate was 29 per cent. This is a rather 
favorable outcome in view of the advanced 
stage of most of the lesions. 


SUMMARY AND CONCLUSIONS 


1. One hundred and forty-three patients 
with carcinoma of the head and neck were 
irradiated during the past five years with 2 
million volt roentgen rays. Rotation tech- 
niques were employed in two-thirds of the 
cases. 

2. The lesions were extensive; 45 per cent 


Table 1x. Ninety-three patients were of them were recurrent after previous ir- 
TaBLe IX 
RESULTS: HEAD AND NECK CANCER 
Feb. 1, 1951 to Jan. 1, 1957 
| No. Years Arrested 
of New | ~ 
Patients I 2 3 4 5 
1951 7 5 2 2 | 2 
1952 12 7 5 4 4 
1953 14 12 8 5 
1954 36 18 i 
1955 24 18 
1956 50 
Summary of Results 
Years after Treatment I 2 3 4 5 
No. of Patients Treated 143 93 69 33 19 7 
No. Arrested 60 26 11 6 5 
Per Cent Arrested 65 38 33 32 29 
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radiation or surgery. Eighteen patients had 
multiple successive cancers (from two to 
four lesions). 

3. Originally, a new rotation technique 
was designed for each lesion, but ultimately 
it was found that four basic rotation pat- 
terns sufficed for almost all lesions. 

4. With orthovoltage (200 to 250 kv.) 
roentgen rays and radium, the common 
tumor lethal dose for squamous cell car- 
cinoma has been 6,000 r. With supervolt- 
age roentgen rays the common maximum 
tumor doses ranged from 6,500 rads to 10,- 
000 rads in producing comparable results. 

5. The incidence of osteoradionecrosis in 
the head and neck was similar to that from 
orthovoltage roentgen rays. The predicted 
bone-sparing effect of supervoltage irradia- 
tion has not materialized because of the 
greater importance of other anatomic, 
pathologic and clinical factors which con- 
tribute to osteoradionecrosis. 

6. The “60-30-10 law” must not be over- 
looked when contemplating potential ad- 
vances from technical improvements in 
radiation therapy. The biologic nature of 
the tumor and the skill of the radiotherapist 
influence the prognosis far more signif- 
icantly than the modality. Supervoltage ir- 
radiation is of limited value for increasing 
the tumor arrest rate. 

7. The “index of efficiency” is often a 
useful measure for estimating the benefit 
derived from a supervoltage rotation tech- 
nique. 

8. In 21 carcinomas of the tonsil treated 
with 2 mev. roentgen rays, mostly with the 
rotation technique, all lesions showed pri- 
mary shrinkage. Twelve were arrested for a 
period of from one to five years. One of the 
recurrent lesions was arrested with a second 
course of irradiation. 

g. Carcinoma of the dorsum of the pos- 
terior third of the tongue is effectively 
treated with supervoltage roentgen rays; 4 
of 6 lesions being arrested from two to six 
years. 

10. Carcinoma of the anterior two-thirds 
and margin of the tongue is not suitable for 
supervoltage irradiation. It is preferably 
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treated with interstitial irradiation. 

11. Recurrent carcinoma of the larynx 
can be arrested with supervoltage rotation 
irradiation, 

12. Supervoltage rotation irradiation is 
effective against carcinoma of the head and 
neck recurring after surgery or irradiation. 
The three year apparent arrest rate for re- 
current cancer was 35 per cent. 

13. In this series of 143 advanced can- 
cers of the head and neck treated with 
supervoltage (2 mev.) irradiation, the over- 
all apparent arrest rate was 33 per cent for 
three years, and 29 per cent for five years. 

14. As a result of this experience, it is 
becoming apparent that certain lesions are 
better treated with supervoltage roentgen 
rays using a rotation technique and some 
with stationary portals. For many lesions, 
supervoltage roentgen rays have been dis- 
appointing, and it is probably preferable to 
use orthovoltage roentgen rays and inter- 
stitial radium. 


Milton Friedman, M.D. 
1016 Fifth Avenue 
New York 28, New York 
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CARCINOMA OF THE BASE OF THE TONGUE* 


By VICTOR A. MARCIAL, M.D. 


SAN JUAN, PUERTO RICO 


N PUERTO RICO, carcinoma of the 

base of the tongue is the most frequently 
encountered form of cancer in the oral and 
pharyngeal cavities, including the lip. The 
embryologic and anatomic characteristics 
and particularly the behavior of these 
tumors are such that a discussion of car- 
cinomas limited solely to the base of the 
tongue is justified. 

A review of the problem of carcinoma of 
the base of the tongue by analyzing the 
data compiled from the Dr. I. Gonzalez 
Martinez Oncologic Hospital in San Juan 
is presented. The data concerning the inci- 
dence of this form of cancer in Puerto Rico 
have been obtained from the State Tumor 
Registry of the Bureau of Cancer Control, 
Department of Health. Reference is also 
made to the experience with this disease at 
the San Patricio V. A. Hospital in San Juan. 
The material from this institution has re- 
cently been published by Passalacqua.?” 


DEFINITION 


The base, posterior third or pharyngeal 
portion of the tongue, is limited anteriorly 
by the lingual V, laterally by the glosso- 
pharyngeal sulcus and posteriorly by the 
epiglottis. Unlike the anterior or oral por- 
tion, it has an entodermal embryologic 
origin. The lymphatic channels in this area 
are abundant. 


MATERIAL 


Since 1950, cancer has been a reportable 
disease, by law, in Puerto Rico, and the 
data are compiled at the Central Registry 
in the Bureau of Cancer Control of the De- 
partment of Health. In 1954, the popula- 
tion of the island was 2,196,819, and 2,698 
new cancer cases were registered of which 
250 (g per cent) were obtained from death 
certificates only. These data have been 


used for calculation of the incidence of the 
carcinoma of the tongue in Puerto Rico. 
The Dr. I. Gonzalez Martinez Oncologic 
Hospital handles about one fourth of the 
cancer patients in Puerto Rico, with some 
degree of concentration on radiotherapeutic 
cases. From 1939 to 1957, 439 cases of car- 
cinoma of the tongue were seen at this in- 
stitution of which 240, or 55 per cent, were 
located at the base (Table 1). Not included 
in this group were 7 cases in which only a 
clinical diagnosis was made and the subse- 


TABLE | 


ANATOMIC DISTRIBUTION OF CARCINOMA 
OF TONGUE 


1939-1957 


No. of Cases Per Cent 
Base 240 55 
Anterior two-thirds 16g 38 
Whole tongue 30 7 
Total 439 


quent course did not reveal cancer. Al- 
though 28 persons had no histologic ex- 
amination, all of them died of this disease 
and thus were included in the group of car- 
cinoma of the base of the tongue. Follow-up 
on these cases was completed from the 
death certificates at the Demographic Bu- 
reau of the Department of Health. Thus, 
follow-up was obtained on all but 8 cases. 


INCIDENCE 


Carcinoma of the tongue constitutes 2.2 
per cent of all cancer cases in Puerto Rico. 
In men, the incidence is 3.3 per cent with a 
crude rate of 3.9 per 100,000. Women have 
an incidence of 1.2 per cent and a crude 
rate of 1.5 per 100,000. 

Martin and his co-workers! have re- 


* Presented at the Fortieth Annual Meeting of the American Radium Society, Hollywood, Florida, March 27-29, 1958. 
The views expressed in this article are the author’s and not those of the Veterans Administration 
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ported an incidence of cancer of the tongue 
in New York City of 2 to 3 per cent. More 
exact figures from the Connecticut State 
Cancer Registry (1951) show a crude inci- 
dence rate of 3.3 per 100,000 in men, and 
0.7 per 100,000 in women. If we take into 
consideration the fact that 13 per cent of 
the population in Connecticut is over sixty 
years of age (1951), while in Puerto Rico 
only 6 per cent of the population is over 
sixty years of age (1954), then the inci- 
dence of carcinoma of the tongue in Puerto 
Rico is significantly higher. 

Jacobsson" has reported the incidence of 
cancer of the tongue in Sweden as being 1 
to 2 per 100,000 population. He quotes Tod 
(1948) as stating that the incidence rate in 
England is 3 cases per 100,000 population. 
Hospital incidence in India shows an over- 
whelming preponderance of carcinoma of 
the tongue among the oral cancer cases 
seen at the Tata Memorial Hospital (Pay- 
master,”! 1957). 


AGE DISTRIBUTION 


The maximum age distribution in 439 
cases of carcinoma of the tongue was from 
sixty to sixty-four vears in men, and from 
fifty to fifty-four years in women. The 
maximum age distribution of all forms of 
cancer in both sexes in Puerto Rico is from 
sixty-five to sixty-nine years. No significant 
difference in age distribution was found be- 
tween cases of carcinoma of the base of the 
tongue and those of anterior tongue lesions. 
(Fig. 1). In 277 cases of cancer of the 
tongue, Jacobsson’® found an average age 
incidence of 63.1 years for females and 
$9.9 years for males. Martin ef a/.'* re- 
ported an average age of fifty-eight years 
for a group of 556 cases, but made no dis- 
tinction between sex or location. Paymaster 
found that in India cancer of the tongue oc- 
curs most often in the forty to forty-five 
year old age group.”! 


SEX DISTRIBUTION 


We have found no difference in the sex 
distribution of patients having base tongue 
lesions and those having anterior tongue 
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lesions. In Puerto Rico, males with carci- 
noma of the tongue outnumber females by 
a ratio of 3 to 1. In India this ratio has been 
reported as 5 to 1. In the United States, 
Martin and co-workers!® have found a 13 
per cent incidence in females. Jacobsson™ 
reported a high incidence of tongue cancer 
in Scandinavian women, this being about 
40 per cent in Sweden. Cade and Lee’ noted 
a change in the ratio of males to females in 
England, from 10:1 in 1925-1929 to 2:1 
in 1951-1955. 


SITE DISTRIBUTION IN CARCINOMA 
OF THE TONGUE 

Excluding the cases in which the entire 
organ was affected, at the Dr. I. Gonzalez 
Martinez Oncologic Hospital 60 per cent 
of the tongue lesions were located at the 
base. At the San Patricio V. A. Hospital, 
out of 39 cases of carcinoma of the tongue 
reviewed by the author, 32 (82 per cent) 
were located at the base and 7 in the oral 
portion. 

Ackerman and del Regato!' have reported 
a ratio of 4-6 oral lesions for each one lo- 
cated at the base. Gibbel e¢ a/.!” found that 
in a group of 330 cases of tongue cancer 
from Hines Veterans Administration Hos- 
pital, 47 per cent were localized at the base. 
Marchetta and Mattick" have reported a 
16 per cent localization in the base of the 


a 
Vou. 81, No: 3 
| 
| 
\ 
( 
| ij 
| 
| 
‘ 


422 Victor A. Marcial 


Fic. 2 


tongue in 247 cases from the Roswell Park 
Institute, and Martin e¢ a/.'* have noted an 
incidence of 33 per cent in 633 cases from 
Memorial Hospital in New York. 

Authors from other countries report vari- 
ous percentage distributions of carcinomas 
of the base of the tongue, from 16 per cent 
in Jacobsson’s 277 cases (Radiumhem- 
met), to 31.4 per cent in Baud’s? 1,055 cases 
from the Curie Foundation, to 74 per cent 
in Paymaster’s”! 700 cases from the Tata 
Memorial Hospital in Bombay (Table 11). 

ETIOLOGIC FACTORS 

Until two years ago, our hospital records 
did not contain detailed information con- 
cerning possible etiologic factors; however, 
the cases seen in the last two years pre- 
sented a history of cigar smoking and to- 
bacco chewing in over 50 per cent. Alcohol 
intake is mentioned in 11 per cent, and 
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Taste II 


PERCENTAGE OF LESIONS IN THE BASE OF THE TONGUE 
IN DIFFERENT SERIES 


No. of Carci- 


Author noma of Per Cent 
in Base 
Tongue Cases 

Baud? 1055 31.4 
Gibbel et al.” 330 47 
Jacobsson"™ 277 16 
Marchetta and Mattick’ 247 16 
Martin et a/.!* 633 33 
Paymaster?! 700 74 
Present Series 439 60* 


* Excluding lesions of entire tongue. 


positive serology for syphilis was present 
in 11 per cent. Eleven additional cases in 
the group gave a history of syphilis, but 
the serology was negative. In Paymaster’s”! 
series a considerably higher incidence of 
cancer of the base of the tongue was re- 
ported in persons who chewed betelnut 
with slake lime and tobacco. Passalacqua”’ 
mentions the excessive use of tobacco, the 
ingestion of hot drinks, particularly coffee 
and soup, poor oral hygiene and nutri- 
tional deficiencies as possible etiologic fac- 
tors in his cases. 


PATHOLOGY 


overwhelming majority of cases 
showed infiltrating ulcerating lesions with 
little exophytic component. Very poorly 
ditferentiated lesions were usually soft to 
rubbery on palpation. The lymphoepi- 
theliomas and salivary gland tumors were 
exophytic in nature. 

Nearly 80 per cent of the tumors showed 
poorly differentiated to undifferentiated 
epidermoid carcinoma. Only 15 per cent 
were well differentiated epidermoid car- 
cinomas (Fig. 3). Three tumors were classi- 
fied as lymphoepitheliomas (Fig. 4); 2 as 
carcinomas arising in salivary gland tissue 
(Fig. 2) and one as adenocarcinoma. 


SYMPTOMS 


The most commonly encountered initial 
symptom was sore throat, which was pres- 
ent in 60 per cent of our cases. The pain 
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TaBLeE III 
PRESENTING SYMPTOMS IN CARCINOMA OF THE 
BASE OF THE TONGUE 


Sore throat, dysphagia 60% 


Mass in neck 18% 
Mass in tongue 6% 


Average duration of symptoms 6 months 


was frequently unilateral, occurring during 
or made worse by swallowing and usually 
referred to the ear. An enlarged lymph node 
was the presenting symptom in 18 per cent 
of the cases. Difficulty in swallowing with- 
out significant pain was noted in a few 
cases. As the disease progressed, constant 
pain in the throat, frank dysphagia, 
marked salivation, bloody expectoration, 
dysarthria and trismus developed. The 
typical “‘hot-potato-in-mouth” speech of 
these patients was caused by extensive 
primary disease and marked invasion of 
the tongue muscles. 

The average duration of symptoms prior 
to diagnosis in our cases was six months. 
There was no significant difference in the 
average duration of symptoms in cases too 
far advanced for treatment, cases receiving 
palliative treatment only and those sub- 
jected to treatment with curative intent 


(Table 11). 


DIAGNOSIS 


The diagnosis of carcinoma of the base 
of the tongue offers no difficulty if this 
possibility is kept in mind when dealing 
with persistent sore throat or dysphagia, 
or enlarged lymph nodes in the neck. How- 
ever, 5 per cent of our cases had had a 
biopsy of a cervical lymph node without 
the primary lesion being suspected. Indirect 
laryngoscopy and palpation of the tongue 
are the best methods for ruling out the le- 
sion. Some nonulcerated lesions can be felt 
better than seen. Occasionally, a poorly dif- 
ferentiated tumor exhibits an obvious neo- 
plastic ulceration without significant pal- 
pable induration. The overwhelming ma- 
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jority of our cases had visible and palpable 
primary lesions. 

Soft tissue lateral roentgenograms of the 
oropharynx are helpful in determining the 
extent of the lesion. As pointed out by 
Fletcher and Matzinger,’ this technique 
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may reveal details not found during a clini- 
cal examination (Fig. 2 and 3). 

A biopsy of the base of the tongue consti- 
tutes a simple procedure that may be done 
with the help of direct or indirect laryngos- 
copy. When a biopsy is reported as nega- 
tive in the presence of an obvious tumor, 
it should be repeated. 


EXTENT OF PRIMARY DISEASE 


Only 18 (7.5 per cent) out of 240 cases 
showed lesions of 3 cm. diameter or less. In 
83 cases (35 per cent) the primary lesion 
was limited to the base, but 41 cases (17 
per cent) had extension to the middle third 
of the tongue and 116 (48 per cent) had ex- 
tension to surrounding structures. The 
most frequently involved surrounding 
structures were the epiglottis in 59 cases 
(24.6 per cent), tonsil in 32 (13.3 per cent) 
and the anterior tonsillar pillar in 20 cases 


(8.3 per cent) (Table tv). 


METASTASES 


Two hundred and six (85.8 per cent) of 
the ‘cases developed clinical metastases 
which were present at the time of admis- 
sion in about 80 per cent of all the cases. 

Except for 11 cases (4.5 per cent) with 
distant manifestations, metastases were al- 
most invariably limited to the cervical area 
(Fig. 5). Bilateral clinical metastases oc- 
curred in approximately 50 per cent of the 
cases. In 2 patients distant metastases oc- 
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TABLE IV 


EXTENT OF PRIMARY DISEASE IN CARCINOMA OF 
THE BASE OF THE TONGUE 


Per Cent of 


All Cases 

Limited to base 3 
Tumors 3 cm. in size or smaller 7% 
Extending to middle-third 17 
Extension to surrounding structures 48 

Epiglottis 24.6 

Tonsil 4.4 

Anterior pillar 8.3 


curred in the absence of cervical metasta- 
ses. In 26 cases showing disease extending 
to the middle third of the tongue and ‘sur- 
rounding structures, the incidence of clini- 
cal metastases was 92 per cent (Table v). 

Paymaster”! reported an incidence of 60 
per cent of clinical metastases in carcinoma 
of the base of the tongue, Jacobsson"™ of 75 
per cent and Gibbel e¢ a/.” of 80 per cent. 
Fletcher? mentioned an incidence of clini- 
cal metastases of 80—g0 per cent when first 
seen, with bilateral involvement in 60 per 
cent. 


SECOND PRIMARY CANCER 


We have encountered second primary 
malignant tumors in Io patients (4 per 
cent) in our series. In these cases, the oral 
and pharyngeal cavities were the most fre- 
quent sites affected, followed by the esoph- 
agus and stomach. Cade and Lee’ reported 
an incidence of new primary carcinomas in 
the mouth in 4.1 per cent of their cases with 
tongue cancer. 


TABLE V 


METASTASES IN CARCINOMA OF THE BASE 
OF THE TONGUE 


Per Cent 
Metastases 


Total with metastases 85.8 
Metastases on admission 80 
Bilateral metastases 50 
Tumors extending to middle-third and 
surrounding structures 92 
Distant metastases 4.5 
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TREATMENT 

Until two years ago the primary treat- 
ment for most of the cases in this series was 
orthovoltage roentgen therapy with 200-— 
250 kv. and 2 mm. Cu half-value layer. 
Usually, lateral opposing and submental 
fields were used with variable tumor doses 
from 3,500 to 5,000 r in three to seven 
weeks. Supplementary radium implanta- 
tion was done in 8 cases. Surgery for the 
primary disease was performed in 6 cases, 
usually because of radiation failure. 

The base of the tongue is a relatively in- 
accessible area for interstitial radium ther- 
apy. Small lesions near the lingual V can 
be implanted adequately with radium 
needles, but tumors in the vallecula are 
less suitable for this form of treatment. 
Martin and Martin'* have employed long 
low-intensity needles for implantation of 
base lesions (4 cm. active length) with fairly 
good results. A few centers favor radon 
seed implantation, but this form of treat- 
ment is inaccurate for large tumors. Ber- 
ridge and James*® have advocated for the 
interstitial implantation the employment 
of radioactive iridium wire in hollow nylon 
threads. This method deserves wider appli- 
cation. 

For the last twenty years, there has been 
an ever increasing use of supervoltage radi- 
ation therapy for carcinoma of the base of 
the tongue, and now it constitutes the 
treatment of choice in the majority of cen- 
ters. Windeyer,” Jacobsson,'® Wood,” Cade 
and Lee,? and Baud,? among others, have 
used teleradium. Cantril,® from the Tumor 
Institute of the Swedish Hospital in Seat- 
tle, in a personal communication reports 
that he has had 4 five year cures in 10 cases 
treated with supervoltage roentgen ther- 
apy. Lampe," in another personal com- 
munication, states that he is obtaining bet- 
ter control of the primary disease with 
Co teletherapy than with orthovoltage 
roentgen therapy. Fletcher’? has made 
available his data on oropharyngeal cancer 
which show that he is able to control the 
primary tumor in carcinoma of the base of 
the tongue by orthovoltage therapy in 33 
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per cent of his cases, while with supervolt- 
age therapy this increases to 68 per cent. 

At the Dr. I. Gonzalez Martinez Onco- 
logic Hospital, we have been employing 
Co teletherapy for carcinoma of the base 
of the tongue for the past two years, and 
we are impressed by the better response of 
the primary lesion to this modality of 
treatment. Only occasionally do we per- 
form radium needle implantation for re- 
sidual induration in the base of the tongue 
after thorough external irradiation has 
been carried out. We employ lateral oppos- 
ing fields covering the enlarged lymph 
nodes, administering a tumor dose of 6,500 
r in six to seven weeks. The patients tol- 
erate the irradiation very well. If palpable 
lymph nodes are still present one month 
after radiation therapy, neck dissection is 
recommended in the presence of an appar- 
ently controlled primary tumor. 

Frazell" from Memorial Hospital, New 
York, states that at that institution radical 
surgery has also been used in recent years 
for carcinoma of the base of the tongue in 
an effort to improve the survival rate. 
Marchetta and Mattick" believe that, with 
the use of more radical surgical therapy for 
cancer of the tongue, the survival rate 
would increase by 10 per cent but no men- 
tion of this method is made for lesions of 
the base of the tongue. Paymaster” states 
that, although surgery is frequently em- 
ployed at the Tata Memorial Hospital for 
the anterior two-thirds lesion, the results 
in carcinoma of the base of the tongue with 
this method are poor. 

At the San Patricio V. A. Hospital in San 
Juan, 11 cases of carcinoma of the base of 
the tongue were treated five years ago or 
longer. Seven were treated unsuccessfully 
with surgery; one had additional treat- 
ment by radiation therapy. This patient 
was alive seven years after treatment of 
the primary tumor and five years after the 
successful surgical resection of a pulmonary 
metastasis. Four cases were treated pri- 
marily by radiation therapy. Of these, one 
lived for a period of eight years after 
roentgen therapy and died either of recur- 
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rence or a new primary tumor; one re- 
ceived palliative roentgen therapy only; 
and one had radon seed implantation of the 
primary tumor, followed by surgery for re- 
currence two years later and is now a seven 
year cure. Out of the 11 cases, 3 (27 per 
cent) lived seven years or longer. One was 
treated with roentgen therapy alone while 
the other 2 were treated with a combination 
of surgery and radiation therapy. 


SURVIVAL IN CARCINOMA OF THE BASE 
OF THE TONGUE 


Due to the extensive primary disease 
present in the majority of the cases and 
the high incidence (85 per cent) of metas- 
tases, the five year survival rate is poor. 
In our series, 135 patients were seen five 
years ago or longer. Of these, 36 received 
no therapy or palliative treatment only. 
Eleven cases survived five years, giving a 
net survival rate of 11.1 per cent and an 
absolute survival rate of 8.1 per cent. The 
average survival of 20 patients without 
treatment was 2.9 months with a maximum 
duration of eight months. In 49 patients 
who received palliative or incomplete treat- 
ment, the average survival was 7.5 months, 
with a maximum survival of four years. The 
average survival in 120 patients receiving 
complete treatment was 12.4 months with 
a maximum duration of 4.5 years (a case 
which died free of primary disease but with 
metastasis in the neck). From this latter 
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VI 


SURVIVAL IN CARCINOMA OF THE BASE 
OF THE TONGUE 


of | Average |Maximum 
Cases} Survival | Survival 
No treatment 20 2.9 mo. 8 mo. 
Palliative or incom- 
plete treatment 49 7.§mo. | 4 yr. 
Treatment that 
failed to cure 120} 1I2.4mo. |] 4.5 yr. 
—|—— 
‘ive year {Net | 9=I11.1 per cent 


135= 8.1 percent 


survival | Absolute, 


group we have excluded cases which were 
free of disease for several years prior to the 
development of recurrence or a new pri- 
mary lesion (Table v1). Figure 6 shows the 
net and absolute yearly survival up to five 
years. 

Of the 11 five year survivals, one was 
treated with surgery only, another with 
surgery following radium, and 9g cases re- 
ceived orthovoltage roentgen therapy. One 
is alive fourteen years after roentgen ther- 
apy for both, the primary disease and histo- 
logically proved cervical metastases. One 
developed and died of neck metastases 
seven years after treatment without recur- 
rence of the primary tumor. Two other 
cases died of extensive cervical metastases, 
6 years and 6 years 4 months, respectively, 
after treatment. One had a recurrence or 
developed a new primary lesion 7.5 years 
after treatment. 

The survival rates mentioned in the med- 
ical literature for carcinoma of the base of 
the tongue are: 25 per cent of 520 cases by 
Paymaster;2 23 per cent of 78 cases by 
Wood* from the Hammersmith Hospital 
in London; 10 per cent of 331 cases by 
Baud? from the Curie Foundation in Paris; 
12 per cent in Berven’s' series from the 
Radiumhemmet in Stockholm; 9.8 per cent 
of 81 cases by Windeyer” from the Middle- 
sex Hospital in London; 12.0 per cent of 
164 cases by Lederman” at the Royal Can- 
cer Hospital in London; 38 per cent of 40 
cases by Martin and Martin;'® and 14.2 
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TaB_e VII 


REPORTED SURVIVAL IN CARCINOMA OF THE 
BASE OF THE TONGUE 


No. of Year 
Author Survival 
Cases 
(per cent) 

Baud? 331 10 
Berven! 12 
Cade and Lee® 11 
Krazell* 356 17.7 
Gibbel e¢ a/.!” 158 14.2 
Lederman" 164 12.0 
Marchetta and Mattick!’ 41 9.8 
Martin and Martin'® 40 38 
Paymaster”! 520 25 
Windeyer” 81 9.8 


Wood” 78 23 


* Personal communication subject to further revision. 


per cent of 158 patients by Gibbel and co- 
workers” (Table vit). 
CARCINOMA INVOLVING THE ENTIRE TONGUE 

In our material, 30 cases (7 per cent) 
showed involvement of the entire tongue. 
It is possible that in most instances the 
lesion originated in the base and extended 
to the rest of the organ, but this was diffi- 
cult to determine, particularly since marked 
trismus was present in the majority of 
cases. 

Cases with involvement of the entire 
tongue are not treated in some institutions 
because the prognosis is considered to be 
very poor. In the literature reviewed by the 
author, only one such case survived five 
years.” 

Twenty-six of our cases were followed 
until death. The average survival rate of 
the entire group was 6.1 months. Un- 
treated cases (10) lived an average of 2.7 
months. Sixteen treated cases lived an 
average of 8.2 months (Table vit). 


DISCUSSION 


The high incidence of carcinoma of the 
base of the tongue in Puerto Rico parallels 
that observed in India. The etiologic fac- 
tors incriminated in Puerto Rico (tobacco 
chewing and cigar smoking) have also been 


Carcinoma of the Base of the Tongue 42 


| 


Taste VIII 


SURVIVAL IN CARCINOMA INVOLVING THE 
ENTIRE TONGUE 


No. Survival (mo.) 
All cases 26 6.1 
Treated cases 16 8.2 
Untreated cases 10 2.9 


noted in India. In the latter country, to- 
bacco is altered by mixing it with betelnut 
and slake lime. 

The symptoms associated with carci- 
noma of the base of the tongue are few and 
the diagnosis is usually made late. Martin 
and Martin!’ have stated that when the 
symptoms have been present for six months 
or longer the prognosis is definitely poorer. 
In our cases the average duration of symp- 
toms prior to diagnosis was six months. 

Palpable lymph nodes have been men- 
tioned as a sign of unfavorable prognosis. 
In our series, 80 per cent of the cases had 
palpable lymph nodes on admission, and in 
50 per cent of the cases these were bilateral. 
The average size of the lymph nodes was 
3.9 cm. Almost 50 per cent of the cases had 
extension of carcinoma to surrounding 
structures and then the incidence of me- 
tastases was g2 per cent. 

These extensive lesions can only be man- 
aged by external irradiation; supervoltage 
radiation therapy is best tolerated and 
gives the best results. If induration is pres- 
ent at the end of treatment or appears dur- 
ing follow-up, implantation of radium 
needles or radon seeds is indicated. A radi- 
cal surgical procedure for limited recur- 
rence offers a chance for cure. Primary sur- 
gery should be employed for tumors of 
salivary gland origin. 

The majority of enlarged lymph nodes 
disappear with external irradiation. In our 
material, one case lived fourteen years 
after roentgen therapy for histologically 
proved metastases. If enlarged lymph 
nodes persist, they should be subjected to 
radical neck dissection when the primary 
tumor appears to be controlled. Radium 
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needle implantation of the enlarged lymph 
nodes is a second choice to radical neck 
dissection. 

The survival rate of patients with car- 
cinoma of the base of the tongue is poor, 
yet better than that in some other forms of 
cancer. As this is a disease localized to the 
head and neck, palliative treatment seems 
justified and appears to prolong the sur- 
vival, according to our data. Even when 
the whole tongue is involved, treatment 
should be administered. 

Earlier diagnosis of this accessible form 
of cancer would contribute greatly to an 
improvement of the prognosis. 


SUMMARY 


1. In Puerto Rico, carcinoma of the base 
of the tongue is the most frequently en- 
countered tumor in the oral and pharyngeal 
cavities, including the lip. 

2. A group of 240 cases of carcinoma of 
the base of the tongue has been reviewed in 
regard to: incidence, age and sex distribu- 
tion, etiology, pathology, symptoms, ex- 
tension, metastases, etc. 

3. Supervoltage irradiation constitutes 
the treatment of choice, since it offers the 
best chance of controlling the primary 
lesion. Other forms of treatment are dis- 
cussed. 

4. Due to the extension of the primary 
lesion and the high incidence of metastases 
(85 per cent), the prognosis is poor. 

5. The survival rate for this group of 
patients and for other series reported in 
the medical literature is presented. 

6. From the data available, it appears 
that even patients with advanced disease 
should be subjected to treatment, for pro- 
longation of life can be achieved. 

7. Early diagnosis of this accessible can- 
cer constitutes the best hope of improving 
the prognosis. 


Oncologic Hospital 
229 Parque Street 
San Juan, Puerto Rico 


I wish to express my appreciation to the 
following colleagues who contributed data 
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on results for this presentation: Dr. Simeon 
Cantril, Tumor Institute of the Swedish 
Hospital, Seattle, Washington; Dr. Gilbert 
Fletcher, M.D. Anderson Hospital, Hous- 
ton, Texas; Dr. Edgar L. Frazell, Memorial 
Hospital, New York, New York; Dr. Isa- 
dore Lampe, University of Michigan Hos- 
pital, Ann Arbor, Michigan; Dr. M. Leder- 
man, The Royal Cancer Hospital, London, 
England. 
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HODGKIN’S DISEASE OF THE ORAL CAVITY* 


By GEORGE MEYER, M.D., BERNARD ROSWIT, M.D., and SOL M. UNGER, M.D. 


BRONX, NEW YORK 


ECAUSE malignant lymphomas of the 

oral cavity are quite rare, we are re- 
porting one such case. The site of origin of 
these unusual lesions appears to be in 
lymphoid tissue and lymph nodes. Lym- 
phosarcoma (small cell) of the oral cavity is 
reported in such locations as the tonsil and 
the base of the tongue.'’’ Reticulum cell 
sarcoma appears as a mass following the 


Fic. 1. Extent of right retromolar mucosal lesion 
before beginning of radiation therapy. 


extraction of a molar tooth, with displace- 
ment of the tonsil and osseous involvement 
in the maxilla or mandible.*:® However, 
there exists a close inter-relationship be- 
tween the various forms of lymphomas! 
and their subsequent variations. An essen- 
tial unity of the entire group of lymphoid 
tumors therefore has been advocated.? 
The usual primary clinical site in Hodg- 
kin’s disease is in the lymph nodes of the 
neck, axilla, and mediastinum. However, 
Coutard and del Regato® believe that 
Hodgkin’s disease of the nasopharynx is 
often overlooked. This is easy to under- 
stand because this lesion lurks in an ana- 
tomic area which is relatively asympto- 
matic and difficult to explore. Hodgkin’s 


disease of the tonsil is also rare and few 
cases have been reported.° 

A careful review of the literature fails to 
disclose a report of a single case of Hodg- 
kin’s disease of the mucous membrane of 
the retromolar area. Our patient shows the 
interesting development of Hodgkin’s dis- 
ease at this site following tooth extraction, 
with later extension to cervical, extradural 
and skeletal sites. 


REPORT OF A CASE 

A.F., a thirty-three year old white male, pre- 
sented the general complaint of “lumps” in his 
right neck of four months’ duration. He was 
apparently in good health until four months 
prior to this hospital admission, at which time 
he had had an episode of intermittent left chest 
pain. Approximately two months prior to ad- 
mission, the patient noted an increase in the 
size of the swelling of the right neck, and a 
biopsy was carried out at a private hospital, 
revealing the presence of Hodgkin’s granu- 
loma. In his past history the patient mentioned 
an impacted lower right third molar tooth 
which was removed in the fall of 1954. How- 
ever, healing was delayed and a low-grade fever 
of several weeks’ duration followed this proce- 
dure. Physical examination at the time of ad- 
mission showed a scar of the lymph node biopsy 
on the skin of the right neck and the presence of 
several small lymph nodes in the posterior 
cervical triangle on the left. At this time there 
was no other lymphadenopathy. Gastroin- 
testinal series, intravenous pyelography and 
roentgenographic bone studies revealed no 
pathology. 

On April 14, 1955, a course of radiation ther- 
apy was initiated to include the right and left 
cervical areas. Treatment factors were: I mev., 
half-value layer 3.9 mm. of lead, target-skin 
distance 70 cm., portals 4X10 cm. An antero- 
posterior cross-firing technique was adopted in 
order to spare the important midline structures, 
which received only 15 per cent of the maxi- 
mum tumor dose. The mandible was not in the 


* From the Radiotherapy Service, Bronx Veterans Administration Hospital, Bronx, New York. 
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Fic. 2. Bone changes subsequent to course of therapy. (4) Note slight bone necrosis in area of lower right 
third molar tooth, underlying the submucosal neoplasm. (B) Note sequestration of necrotic bone. (C) Dis- 
tal root surface of lower right second molar now deeply carious. (D) Coronal portion of second molar has 
been removed and root canal filled, in order to avoid the osteoradionecrosis which might follow extraction. 
(Reproduced by permission from the ‘¥. Ora/ Surg., 1958, 2, 156.) 


direct beam at any time. The patient tolerated 
the course of therapy quite well, completing 
treatment on June 2, 1955, at which time a 
tumor dose of 4,000 r to each cervical area had 
been attained. The reaction of the skin was 
mild, showing only a faint bronzing. 

On July 20, 1955, the patient returned to the 
Radiation Clinic for a follow-up visit and at 
that time complained of pain along the right 
lower retromolar region. On physical examina- 
tion the presence of a grayish white area of 
granulation was noted on the mucosa at the 
level of the lower right retromolar area, where 
the third molar had been extracted. By the 
following day, the patient began to complain of 
severe pain at that site, and developed a pro- 
gressive trismus. A biopsy from this area was 
reported as Hodgkin’s sarcoma. Subsequently, 
a course of radiation therapy to the right 
retromolar area was begun on July 22, 1955. 
Treatment factors were again: 1 mev., half- 
value layer 3.9 mm. of lead, target-skin dis- 
tance 70 cm., portals 5X7 cm. A tumor dose 
of 3,000 r over a period of twenty-one days 
was attained at the retromolar area. 

During the course of therapy, the patient ex- 
perienced marked subjective improvement, and 
his trismus subsided rapidly. In addition, the 
lesion at the right retromolar area decreased in 
size with clearing of the inflammatory com- 


ponent. Frequent follow-up visits have dem- 
onstrated satisfactory healing at this site. 

The patient was also seen in the Dental 
Clinic where bone necrosis in the area of the 
lower right third molar was noted on August 8, 
1955. Between March, 1956 and May, 1956, 
the distal root surface of the lower right second 
molar became carious, with alveolar bone distal 
to the tooth showing dissolution. In order to 
avoid osteoradionecrosis, the coronal portion of 
the molar was removed and the root canal was 
filled. 

Recent follow-up studies have demonstrated 
generalization of Hodgkin’s disease with ex- 
tension to extradural and skeletal sites. 


SUMMARY 


A unique case of Hodgkin’s disease in- 
volving the mucous membrane of the retro- 
molar area is reported. Although control of 
local disease in the head and neck was ac- 
complished by means of radiation therapy 
for a three year period, generalized lesions 
have appeared in extradural and skeletal 


sites. 


George Meyer, M.D. 

Veterans Administration Hospital 
130 West Kingsbridge Road 
Bronx 68, New York 


| | a Hodgkin’s Disease of the Oral Cavity 431 a 
= 
| : 5-22-56 
= 
| 
ae 


432 George Meyer, Bernard Roswit and Sol M. Unger Marcu, 1959 


REFERENCES zygomatic region. ¥. Oral Surg., 1949, 7, 161. 

4. Jackson, H., Jr., and Parker, F., Jr. Hodgkin’s 

Diagnosis, Treatment and Prognosis. C. V Disease and Allied Disorders. Oxford Univer- 


soy PP 
Mosby Company, St. Louis, 1954. sity Press, | oo York, "947- 
2. Custer, R. P., and Bernnarp, W. G. Interrela- 5. Porrmann, U. V. Clinical Therapeutic Radiology. 


1. ACKERMAN, L. V., and pet Recaro, J. A. Cancer: 


tionship of Hodgkin’s disease and other lym- Thomas Nelson & Sons, New York, 1950. 

phatic tumors. 4m. F. M. Sc., 1948, 276, 625-6. Stones, H. H. Oral and Dental Diseases. Second 

642. edition. William & Wilkins Company, Balti- 
3. Dewey, A. R. Reticulum cell sarcoma of molar more, 1951. 


: 
od 
i 
| 
: 
| 
| 
: 
| 
| 
| 
| 
“$3 
| 
| 


VoL. 81. No. 3 


THE EFFECT OF MITOTIC SUPPRESSION AND RE- 
COVERY AFTER IRRADIATION ON TIME-DOSE 
RELATIONSHIPS AND THE APPLICATION 
OF THIS EFFECT TO CLINICAL 
RADIATION THERAPY 


By PAUL W. SCANLON, M.D. 


Section of Therapeutic Radiology, Mayo Clinic and Mayo Foundation* 
ROCHESTER, MINNESOTA 


progress in radiobiology 
eventually will lead to improvement 
in survival rates applying to cancer, as 
many believe, only the future can reveal. 
Certain it is, however, that while the 
physical aspects of radiation therapy have 
been exhaustively investigated during re- 
cent decades, the possibilities of radiobiol- 
ogy at the clinical level have remained rel- 
atively static and unexplored. 

One of the discouraging aspects of the 
voluminous literature on radiobiology is 
our patent inability to sift through the 
maze of technical data available and to find 
a common or practical link to the everyday 
practice of radiation therapy. Bean' has 
written, ‘“The danger of mere facts, without 
the training of intellect which develops 
knowledge into wisdom, becomes even 
greater as the accumulation of facts out- 
runs our ability to master more than a 
small fraction of the available ones.” 


PREVIOUS STUDIES AND 
THEORETIC ASPECTS 


One of the most challenging aspects of 
radiation therapy today is time-dose ef- 
fect, which probably is intimately related 
to what we refer to as “radiosensitivity” 
and “radiocurability.” Although much has 
been written about the importance of the 
over-all or accumulated total dose in radia- 
tion therapy, very little stress has been 
applied to the importance of the timing of 
such a dose, and radiotherapists in general 
have continued the practice of daily treat- 
ments in daily increments as advocated by 
Coutard® in the 1930’s. A review of the 


radiobiologic literature, however, has led 
me to believe that there may be variations 
in this commonly accepted practice which 
might be explored to advantage, variations 
in the timing of treatments which may lead 
either to an increased effectiveness of a 
certain amount of radiation or the attain- 
ment of a given effect with considerably 
less amounts of radiation than has been 
possible heretofore. 

Certain tentative impressions have been 
formed by the author which can be offered 
as an introduction to the radiobiologic data 
which follow. 

1. There is a normal rhythmic or cyclic 
metabolic or mitotic activity in the growth 
of all plant and animal tissues.?:>:°3.*4 

2. Under the stress of deleterious en- 
vironmental factors (in this case irradia- 
tion), normal metabolic or mitotic rhythm 
is disturbed. 

3. Irradiation is known to suppress mi- 
totic activity, the duration and magnitude 
of suppression being dependent in part on 
the amount of radiation received and the 
type of tissue under consideration. 

4. The suppressed metabolic or mitotic 
activity, once removed from the deleteri- 
ous environmental influence, will recover 
and resume normal activity, provided the 
initial damage to resting and differentiating 
cells has not been excessive. 

5. Continuous daily irradiation will sup- 
press and keep suppressed to a major de- 
gree metabolic and mitotic activity from 
the onset of therapy. The principal effect 
of the commonly employed “‘cumulative” 
irradiation, once the radiosensitive mitotic 


* The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the University of Minnesota. 
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and premitotic cells have been depleted, is 
exerted on resting and differentiating cells 
of a malignant process, not particularly 
more radiosensitive than the cells of normal 
tissues. 

6. It is conceivable that daily continu- 
ous irradiation, once the radiosensitive 
mitotic and premitotic elements have been 
depleted initially, with nothing but rela- 
tively radioresistant adult cells to act upon, 
is not only wasteful, but, by keeping 
mitotic activity in abeyance during further 
irradiation, actually is detrimental to the 
continued effectiveness of treatment. 

7. It is conceivable that, after initial 
irradiation and depletion of the radiosensi- 
tive elements present, if therapy is inter- 
rupted long enough to allow tissue recovery 
and resumption of mitotic activity, thus 
permitting restoration of the radiosensitive 
elements of a tumor, the ultimate effect of 
irradiation (cellular degeneration) will be 
enhanced. Moreover, probably equally im- 
portant, it may even be that the ultimate 
effect of irradiation can be accomplished 


Paul W. Scanlon 
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with considerably smaller doses. There is 
considerable experimental evidence to sup- 
port this view. 

The extremely complex intracellular re- 
actions to irradiation, at least expressed 
from the morphologic viewpoint, are best 
summarized in Table 1 taken from Koller.'* 
The so-called permanent effects of irradia- 
tion—mutation of genes and injury to 
chromosomes and possibly induced dif- 
ferentiation—are thought to be in the main 
“genetic” effects presumably due to direct 
injury to nuclear components. 

In 1941 Lea wrote, “Both the gene muta- 
tion and the chromosome aberration action 
of irradiation are due to the localized action 
of single or small numbers of ionizations. 
There are, however, many actions of irradi- 
ation not covered by either of these cate- 
gories and these I interpret in terms of what 
one might call a ‘physiological’ change in 
the cell produced by radiation being a 
change in the chemical composition of the 
cell materials (cytoplasm) due to the cumu- 
lative effects of the radiation produced in 


TABLE I 


THE EFFECTS OF RADIATION ON CELLS AND TISSUES 


Action 
Malignant 


. Temporary effects: 
Suppression of mitosis 
Chromosome stickiness 

| Abnormal spindle 

2. Permanent effects: 

Chromosome injuries 

Induced differentiation 


— 


Cells Dividing 


Differentiated | Physiologic changes (?) 
1. Altered permeability of cell membrane(?) 
2. Changes in enzyme activity (?) 

Tissues Synchronous division of injured cells 


Failure of blood supply 
Cytolysis of lymphocytes 
Phagocytosis by leukocytes 


Modified and reproduced with permission of the publishers, from Kotter, P. C. Brit. 7. Radiol., 1947, Suppl. 1, p. gt. 


Regional breakdown and tissue necrosis i. 
Alteration in the histologic organization 


Cells 


Normal 


| Same as for malignant. Difference is only in 
| degree and rate, not in quality of the in- 
duced effects 


Stroma reaction: 

Introduction or increase of the process of 

“inflammation” 

. Invasion of lymphocytes into connective 
tissue (stroma) 

| 3. Differentiation of plasma cells 
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the cell, the important difference being 
that the effect is not strictly localized at 
the particular spot in the cell where ioniza- 
tion was produced. Thus the delay of divi- 
sion in tissue culture cells which have been 
irradiated, | would interpret this way.” 

The first two reactions—that of gene mu- 
tation and chromosome aberration—the so- 
called genetic effects—are best explained 
by the target theory of irradiation, mean- 
ing direct hits by ionizing energy in some 
component of the essential chromosome 
structure of the cell. As such, they are in the 
main dose-dependent only, and are inde- 
pendent of dose rate and fractionation. 
Structural changes in chromosomes can be 
said to be slightly dependent on dose rate 
and fractionation, primarily because of the 
possibility of a rejoining of broken chromo- 
somal fragments, provided the dose rate is 
low enough and the initial injury has not 
been too excessive. 

It will be shown later that the end effect 
of irradiation—cell degeneration—in most 
tissue-culture experiments is far out of pro- 
portion to the abnormal mitosis which re- 
sults. Consequently, it is safe to assume 
there are other factors operating which 
augment cellular degeneration. 

The third major effect of irradiation— 
inhibition of division or suppression of mi- 
tosis: the so-called physiologic change—has 
been shown to be markedly dependent on 
dose rate and fractionation, and it is with 
this action of irradiation that this paper is 
primarily concerned. 

The Mitotic Inhibitory Effect of [rradia- 
tion. The degree of mitotic suppression or 
inhibition is relative, conditioned primarily 
by the amount of initial radiation and 
secondarily by the type of tissue being ir- 
radiated. Lasnitzki,”’ studying the effects 
of radiation in varying doses on chick-em- 
bryo tissue cultures, noted temporary inhi- 
bition of mitosis with doses of from 100 to 
1,000 r, the duration being proportionate 
to the dose. Yet, when doses of 2,500, 
§,000, and 10,000 r were used there was no 
mitotic recovery. Instead, large numbers 
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of degenerate cells were seen. The times at 
which these latter appear indicate that the 
degeneration is due to the breakdown of 
cells in the resting condition. 

Koller and Smithers'!® have shown that 
when the initial dose is excessively high, 
mitotic suppression is profound and re- 
mains depressed for long periods. In clini- 
cal cases mitotic suppression may obtain 
for as long as forty-five days after treat- 
ment has stopped. Tansley and co-work- 
ers,*® using a range of gamma-ray doses on 
the eyes of two day old rats, were able to 
reduce mitotic activity proportional to the 
dose, and by raising the initial dose to 540 r 
were able to suppress mitotic activity en- 
tirely and to produce instead cellular de- 
generation or death. 

On the other end of the scale, too low a 
dose or dose rate may not have any observ- 
able effect on mitotic activity. Lasnitzki,” 
studying the effect of irradiation on chick 
fibroblasts, noted that doses of 30 to 60 r 
given at the rate of I r,4r, and 15 r per day 
failed to produce any effect on mitosis, 
which suggests that at these low-dose rates 
recovery keeps pace with the rate at which 
radiation changes are produced within the 
cell. 

Koller and Smithers! have also shown 
that when excessively low-dose rates are 
used, with ample time for recovery to take 
place, there is a failure of suppression of 
mitoses in plant, animal and human tumor 
studies. 

In between these extremes, however, 
there is an observable range over which 
mitotic suppression will occur but in which 
recovery will follow, provided the initial 
dose has not been too high and provided no 
subsequent injury is allowed in the recov- 
ery phase. The interval before a second 
dose is attempted, however, must be long 
enough to permit the damaged tumor cell 
to recover and enter mitosis. 

The Phenomenon of Delayed Mitotic Re- 
covery. The mitotic rebound phenomenon 
was noted as early as 1929 by Canti and 
Spear.? These authors irradiated chick 
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10 
Days after irradiation 


Kic. 1. The incidence of normal mitosis, abnormal 
mitosis and cell deaths in the eye of a frog tadpole 
after a single exposure to 268 r of gamma rays 
given at 3.8 r/min. (Reproduced, with permis- 
sion of the publishers, from GLiicKsmMann, A. 
Biological levels of the radiosensitivity of somatic 
cells. The Third Douglas Lea Memorial Lecture. 
Brit. F. Radiol., 1954, 27, 660-669.) 


fibroblasts grown in tissue culture, and 
assessed the effect of gamma rays by count- 
ing mitotic cells at different intervals after 
exposure. A dose of 83 r (30 r per minute) 
reduced mitotic activity to a minimum 
after eighty minutes, and this was followed 
in four hours by an exactly compensating 
increase in mitotic activity. When larger 
doses are used—300 r for instance—the 
compensatory wave does not equal the 
initial loss in mitotic activity, and recovery 
is prolonged. If larger doses are used— 
1,000 r and more—mitotic activity is still 
more depressed and the compensatory 
wave is absent. There is, however, eventual 
mitotic recovery. 

This phenomenon can be illustrated best 
by the figure taken from Gliicksmann"™ 
showing the incidence of normal mitosis, 
abnormal mitosis and cellular degeneration 
in the eye of a frog tadpole after a single 
exposure of 268 r (Fig. 1). It can be seen 
that there is an immediate decrease in 
mitotic activity after initial irradiation; 
this decrease is followed after twenty-four 
hours by a resumption of mitosis and by a 
wave of degenerate cells in or near the 
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prophase. Mitotic activity remains some- 
what suppressed and does not approach 
normal levels, nor does cellular degenera- 
tion completely cease until the twelfth day, 
at which time complete recovery is as- 
sumed. This phenomenon of mitotic sup- 
pression and cyclic, rather than exponen- 
tial, recovery is explained in even greater 
detail in the work of Spear and Gliicks- 
mann.” 

The Duration of Mitotic Suppression Is 
Proportionate to Initial Dose. \t can be 
shown readily that the duration of mitotic 
suppression is proportionate to the initial 
dose. Lasnitzki,”° irradiating tissue cultures 
of chick fibroblasts with varying doses, 
showed that irradiation caused a marked 
decrease in normal cell divisions, with a 
temporary but small wave of abnormal 
mitosis, this being followed by some recov- 
ery of cell division accompanied by the ap- 
pearance of degenerate cells and a wave of 
abnormal mitosis, again roughly propor- 
tionate to the size of the initial dose (Fig. 
2 and 3). 

After a dose of 100 r, recovery, as indi- 
cated by normal mitotic activity (a normal 
prophase-metaphase-telophase ratio), and 
disappearance of degenerate and abnormal 
cells occurred after forty-eight hours, 
whereas after a dose of 1,000 r such recov- 
ery was not evident before ten days. After 
doses of 2,500, 5,000 and 10,000 r no mi- 
totic recovery was observed. 

Friedman, Sargent and Drutz’® in 1955, 
studying the effect of irradiation and vari- 
ous chemotherapeutic agents on the mi- 
totic population in the duodenojejunal 
loop of three to six month old rats, reported 
the phenomenon of profound mitotic de- 
pression after exposure to radiation, with 
subsequent rebound rather than gradual 
mitotic recovery. After an exposure of 500 r 
to the region of the duodenojejunal loop 
mitotic suppression ensued and _ lasted 
twenty-four hours, and was followed by a 
period of hypermitoses. Initially, six hours 
after irradiation, there was an incomplete 
abortive attempt at recovery which lasted 
approximately four hours. After this there 


ge 
— 
0 5 15 20 
es 
Dew 
| 
| 
| 
ae 
‘ 


VoL. 81, No. 3 


was a further decrease, and then a later in- 
crease to above normal mitotic activity at 
the twenty-four hour period. A similar se- 
quence, without the intermediate attempt 
at mitotic recovery, was noted after the ad- 
ministration of nitrogen mustard and tri- 
ethylenemelamine. Although the recovery 
time in this instance was appreciably 
shorter than that mentioned previously by 
other investigators, the sequence of events 
was the same and it is entirely possible that 
variations in recovery time tend more to 
reflect differences in individual tissue sensi- 
tivity and metabolic activity rather than 
to invalidate the concept of mitotic sup- 
pression and eventual rebound recovery. 

Knowlton, Hempelmann and Hoffman" 
in 1948, studying the effect of roentgen 
rays on the mitotic activity of the epi- 
dermis of the mouse, found that after doses 
of both 35 r and 325 r mitotic activity was 
reduced to a minimum, in both instances 
two hours after exposure, but that the time 
required for recovery varied from five 
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Fic. 3. Cell counts in chick-embryo tissue cultures 
after exposure to 1,000 r of roentgen rays delivered 
at 100 r/min. 


prophase —O—O— abnormal 
-- — metaphase mitotic cells 
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(Reproduced, with permission of the publishers, 
from Lasnirzkt, I. The effect of x rays on cells 
cultivated in vitro. Part II. Recovery factor. Brit. 
F. Radiol., 1943, 16, 61-67.) 


hours after a dose of 35 r to six days after 
a dose of 325 r. Most important, they noted 
an overcompensation phenomenon at the 
325 r dose level, with mitotic activity more 
than twice normal on the eighth day after 
irradiation. Greater support for the beliet 
that the suppression of mitotic activity is 
proportionate to the initial dose was af- 
forded by Koller!’ in 1947. Studying squa- 
mous and basal-cell epitheliomas under ir- 
radiation, Koller found that the number of 
dividing cells was considerably reduced for 
several hours after an initial dose of 200 r. 
However, doses of 400 to 500 r might sup- 
press mitoses for several days. In several 
tumors in which suppression of mitoses was 
seen after the first treatment (thus indicat- 
ing too high an initial dose), cells remained 
in the resting stage throughout the entire 
period of treatment, even when subsequent 
doses were reduced and the interval be- 
tween treatments was increased. Luther™ 
in 1948, studying the effects of irradiation 
on the larval epidermis and cornea of 
Salamandra maculosa, noted that with 
doses of 50 to 400 r the duration of mitotic 
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inhibition was increased proportionately 
to the dose, and that when the dose ex- 
ceeded §50 r permanent inhibition of divi- 
sion resulted. 

The Duration of Mitotic Suppression 
Probably Varies with Different Tissues and 
Tumors. Goldfeder® in 1951, studying 
mouse mammary tumors dbr B and C3H, 
reported depression of mitotic activity in 
irradiated tumors in both instances, the ex- 
tent of which depended on the dose of ra- 
diation applied and the lapse of time be- 
tween exposure and removal of the tumor 
for analysis. Most important, in regard to 
the clinical application of this work, she 
found an earlier and more pronounced re- 
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The counts are plotted against time (in days) after 
irradiation. (Reproduced, with permission of the 
publishers, from Spear, F. G., and GLiicksMann, 
A. The effect of gamma radiation on cells in vitro. 
Part III. Spaced radiation. Brit. ‘¥. Radiol., 1941, 
14, 65-76.) 
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turn of mitotic activity in the faster-grow- 
ing dbr B type tumors after sublethal doses 
of radiation as compared with the mitotic 
return noted in the slower-growing C3H 
type. 

In summary, it can be said that one of 
the principal effects of irradiation is sup- 
pression of mitotic activity, this suppres- 
sion being dependent on the size of the 
initial dose, whether it is given as a single 
treatment or a series of closely spaced frac- 
tional treatments and, to a lesser degree, 
that it is dependent on the type of tissue 
undergoing irradiation. Since the mitotic 
population comprises the essential radio- 
sensitive elements of a tumor, it is logical 
to inquire into the difference between (1) 
the effect of subsequent radiation given 
during the period of mitotic suppression, 
and (2) the effect of irradiation delayed 
long enough to allow mitotic recovery and 
thus, restoration of the radiosensitive ele- 
ments of the tumor. 

The Enhanced Effectiveness of Spaced or 
Periodically Applied Irradiation. The clas- 
sic work of Spear and Gliicksmann® on 
spaced irradiation in 1941 is best illustrated 
in Figures 4 and 5, based on cytologic anal- 
ysis of the tadpole eye after gamma irra- 
diation in varying doses and at varying in- 
tervals. Chart A (Fig. 4) summarizes the 
biologic changes seen after a dose of 268 r 
delivered over one hour. Chart B (Fig. 4) 
represents the changes seen after double 
the dose, 536 r, delivered in twenty-six 
hours. Chart C (Fig. 4) shows the effects of 
the same dose, 536 r, delivered over a 
shorter period: four and one-half hours. 
Chart D (Fig. 4) represents the effects of 
two exposures each of 268 r separated by 
an interval of twenty-four hours. Chart E 
(Fig. 5) depicts the same dose, 268 r, in 
two fractions separated by an interval of 
only two hours. Chart F (Fig. 5) demon- 
strates the effects of a single irradiation 
with 536 r, and Chart G (Fig. 5), two ex- 
posures of 268 r separated by an interval of 
ten days. 

In Table 11 it can be seen that the stip- 
pled area representing counts of degenera- 
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tive cells is almost twice as great, after the 
same dose given in two equally spaced 
fractions at an interval of ten days, as that 
for degenerative cells produced by any 
other type of radiation, whether given in a 
single dose or fractionated over smaller in- 
tervals. A single dose of 268 r produces the 
same amount of degeneration as does a dose 
of 536 r given as two equal fractions with 
an interval of twenty-four hours, but only 
half the amount of degeneration caused by 
the same dose of 536 r given as two equal 
fractions at an interval of ten days. 

A comparable result was obtained by 
Paterson and Thompson®* in 1948, who 
studied the time-intensity effects in chick 
fibroblasts grown in tissue culture. These 
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cultures, however, were irradiated with 
doses considerably above those mentioned 
previously: 10,000 to 12,000 r at low-dose 
rates of 4 to § r per minute and I00 r per 
minute. Three types of treatment were em- 
ployed: (1) continuous, (2) fractionated at 
two hour intervals, and (3) two widely 
spaced fractions administered at an inter- 
val of forty-three to fifty-three hours. The 
over-all time in all cases was forty-three to 
fifty-three hours. The survival rate was 
the same when the first two types of irradi- 
ation (continuous and closely spaced, 
fractionated treatments) were used. The 
third type (the widely separated, frac- 
tionated type) produced a greater over-all 
effect; only 46 per cent of the cultures sur- 
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‘Time Elaps- 
Stippled | Maximal | ing before | 
Experi- Area in | Degenerate) Maximal | 
ment Arbitrary Count = Count 
Units | Reached | Reached | 
| | in Hours 
A 72°45 | 408 | 21 
B 56-30 | 254 6 
C 63°00 | 249 15 
D 60°68! | 2213 
E 60°14 145° 15? 
F 61-20 | 61 48 
G 95! 2583 | 24 


2 Measured from end of second exposure. 
3 Measured after second dose. 
4 Exact period not determined. 


vived as opposed to a 73 and 72 per cent 
survival rate for the first two methods. It 
is apparent that a real difference exists be- 
tween the effects of (1) irradiation at high- 
dose rates in two widely spaced fractions, 
and (2) the same amount of irradiation 
given at the same dose rates more fre- 
quently in smaller fractions. 

Lea,” in 1941, came to the conclusion 
that there should be no differences between 
the lethal effects of low-dose rate irradia- 
tion and those of high-dose rate frac- 
tionated irradiation, at least in the case of 
the doses employed by him at intervals for 
irradiating chick embryos. It appears, how- 
ever, that radiation given in two fractions 
should be more efficient than either the 
continuous or the highly fractionated, 
closely spaced irradiation. Still, Lea was 
of the opinion that if a single session of ir- 
radiation at a relatively high-dose rate is 
compared with two fractions given at a 
wide interval, the former should be more 
efficient. 

Such was not the case, however, in Pater- 
son and Thompson’s*?® work with tissue 
culture. A fourth group of cultures was in- 
cluded in which the entire dose was given 
in a single fraction at a high-dose rate. The 
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of | Intensity Type of 
in r/min. Irradiation 
in Days | 
11-5 | 3°8 | 268 | Continuous 
12-0 0'34~—CO| 36 | Spread over 
12:5 2:05 536 | Spread over 
14°25? 3°8 268 X2 | Spaced 
15°5 3:8 | 268X2 Spaced 
+21! 3°8 | $36 Continuous 
(12)? 3°8 | 268X2 Repeated 


! This value includes eiiicidis produced by first exposure (see Fig. 4 and 5). 


survival rate was, in both experiments, in- 
termediate between that accompanying 
two fractions or split treatment and the 
rate recorded in the other two groups (con- 
tinuous and closely spaced, fractionated 
therapy). This is further supported by 
Paterson’s*® work in 1944, when it was 
found in tissue cultures that a single session 
of irradiation with about 20,000 r was less 
lethal than the same dose given at the same 
dose rate in small fractions of about 800 r at 
forty-eight hour intervals. 

The two sets of experiments of Paterson, 
taken together, point rather clearly to the 
importance of an interval of between forty 
and fifty hours in augmenting the effects of 
irradiation. It was postulated that radia- 
tion given at the forty hour interval ex- 
erted a greater effect because it was ad- 
ministered to cells already damaged, and 
that the interval was an essential factor in 
the production of that damage. It would 
appear, however, equally logical to assume 
that the forty hour interval was important 
in that it afforded a chance for some 
mitotic recovery, thus restoring the radio- 
sensitive elements of the tissue culture. 

Lasnitzki®® in 1943, studying the effect 
of spaced irradiation on chick-embryo ex- 
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plants grown i” vitro and irradiated with 
varying amounts of roentgen rays, found 
that if previously irradiated cultures were 
subjected to a second dose identical with 
the first as soon as the culture showed an 
apparent recovery, the effect of the second 
dose was greater than that of the first. Ap- 
parent recovery of the irradiated cultures 
was shown by a return of normal mitotic 
activity, a normal prophase-metaphase- 
telophase ratio and disappearance of de- 
generate and abnormal mitotic cells eight 
hours after a dose of 100 r and ten days 
after a dose of 1,000 r. However, if the 
interval between exposures was prolonged 
beyond the apparent recovery time, the ef- 
fects of the first and second doses closely 
resembled each other quantitatively —an- 
other example of the increased ettectiveness 
of the second dose of irradiation when ap- 
plied at the correct time interval to cor- 
respond with the maximal recovery of mi- 
totic activity. 

As mentioned previously, complete mi- 
totic recovery is wanting when the initial 
dose of irradiation has been excessive. 
Lasnitzki?! in 1947, after the administra- 
tion of a dose of 2,000 r to mouse adeno- 
carcinoma 63, found that mitosis was ab- 
sent eighty minutes after exposure, reap- 
pearing one and one-half hours later to re- 
main fairly constant for the rest of the ob- 
servation period at only a fourth to a third 
of normal activity. The main purpose of this 
paper, however, is to point out the validity 
of comparing tissue-culture work with con- 
ditions seen in actual, growing tumors. She 
found that tissue cultures and tumors of 
mouse adenocarcinoma 63 responded quali- 
tatively in the same manner to irradiation. 
Arrest of mitoses, similar types of cell de- 
generation, abnormal mitoses, multinuclear 
cells and increase in the size of cells can be 
observed under both types of conditions. 

There is much evidence other than the 
cytologic analysis of tissues to support the 
phenomenon of delayed recovery, whether 
mitotic or metabolic, after irradiation, and 
the concept of the increased effectiveness of 
subsequent irradiation when the irradiation 
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is timed to coincide with the peak of mi- 
totic or metabolic recovery. Kaplan and 
Brown,” in 1952, studying the effect of 
changes in total dose, fractionation and 
periodicity of whole-body roentgen irradia- 
tion on the incidence of lymphoid tumors, 
found that in respect to the same total 
dose the incidence of lymphoma in mice 
was the same whether single exposures 
were used or daily exposures were applied 
for up to eight days. There was, however, 
a striking increase in incidence of the 
tumors when intervals of four to eight days 
between treatments were used. When the 
interval was further increased to sixteen 
days the response returned to that of daily 
treatment. 

Paterson, Gilbert and Matthews?’ in 
1952, in a study of the time-intensity fac- 
tors in whole-body irradiation, worked with 
the median lethal dose in mice. They com- 
pared (1) daily treatments with (2) irradia- 
tion given in two fractions, and found that 
the split-dose technique or two-fraction 
treatment required less radiation for the 
median lethal dose than did continuous 
daily treatment (Fig. 6). 

The work of Kepp and Seyfarth" in 1946, 
quoted in the excellent paper of Du Sault® 
in 1956 on time-dose relationship, showed 
that recovery of the skin is delayed and 
prolonged by larger doses, whether they 
are given in one massive dose or in the form 
of an accumulation of dose effects from a 
series of small, fractionated treatments. 
They felt that recovery from very small 
doses is complete within twelve hours, but 
that when larger doses are used recovery 
still proceeds after more than twenty-four 
hours. They also showed that extending 
the time past eight days produces a “re- 
newed sensitivity.” 

Miescher” in 1923, studying the ery- 
thema response to roentgen irradiation, dis- 
covered that the appearance of erythema 
is a rhythmic phenomenon. He described 
waves of erythema as occurring between 
eight and twenty-two days, thirty-two and 
fifty-one days, and after fifty-eight days. 
Harris, Leddy and Sheard," in 1932, found 
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Fic. 6. The LDso for mice receiving total body irradi- 
ation. 


Curve A: Rise of the LDso for irradiation with 
equal daily fractions over various over- 
all times. 

Curve B: Rise of the LDso for irradiation with 
two fractions with various intervals. 


(Reproduced, with permission of the publishers, 
from Paterson, E., Gitpert, C. W., and Mar- 
THEWS, J. Time intensity factors and whole body 
irradiation. Brit. F. Radiol., 1952, 25, 427-433.) 


that the color-excitation phenomenon of 
erythema is definitely cyclic in pattern. 
After erythemogenic doses of irradiation 
they noted that the first wave of erythema 
reached a peak in two and one-half days, 
with a succeeding low value at six days. 
The second wave reached its highest value 
between the thirteenth and twentieth days, 
with an average of 15.6 days. A third, 
much more variable, cyclic wave reached 
its maximal value between the twenty- 
eighth and thirty-eighth day, or an aver- 
age of thirty-two days. 

Williams and Sheard® in 1934, studying 
the effect of roentgen rays on the electrical 
potential and the rate of consumption of 
oxygen in the skin of the frog after massive 
doses of roentgen rays, showed that there 
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was a rhythmic or cyclic variation in both 
the electrical potential and the consump- 
tion of oxygen. On this basis they con- 
cluded ‘that there is a rhythmic or wave 
type of relationship between the physio- 
logic effect of roentgen rays and the time 
after irradiation, expressing the correct 
time-effect relationship. The periods of in- 
creased electrical potential and consump- 
tion of oxygen may be considered as pe- 
riods of increased activity or vitality, 
whereas the periods of decreased electrical 
potential and consumption of oxygen may 
be presumed to indicate lowered vitality or 
periods of injury. These biologic phe- 
nomena correspond well with what we now 
know as mitotic and metabolic suppression 
after initial irradiation and the times of the 
subsequent recovery of these activities. 
This maze of biologic data perhaps can 
best be summarized by excerpts from 
Spear.*' A living cell is capable within cer- 
tain limits of adapting its behavior to 
changes in its environment, including those 
brought about by irradiation. By this 
means the cell can alter its susceptibility to 
continued irradiation, usually by a lower- 
ing of the normal activity of the cell. If 
irradiation is discontinued, cellular ac- 
tivity may return to normal, and the cell 
may regain its original susceptibility to the 
damaging effects of irradiation. On the 
other hand, it is also possible, according to 
the timing and circumstances of irradia- 
tion, for the susceptibility to be increased 
or decreased. Thus, a series of exposures 
may, according to the spacing, do equal or 
more damage than the same total dose de- 
livered as a single, continuous exposure. 
Destruction of cells in a tissue culture 
can be greatly increased by the same total 
dose by dividing the irradiation and giving 
a series of exposures at relatively short in- 
tervals, carefully chosen so as to be insuf- 
ficient to prevent “attempt at division,” 
but sufficient to injure the cells so seriously 
that they break down if and when mitosis 
is attempted. However, the intervals be- 
tween exposures must be varied according 
to the size of the individual exposures, if 
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optimal results are to be obtained. The 
higher the dose, the longer should be the 
interval between exposures. If the same 
amount of radiation and energy is deliv- 
ered in the form of a single exposure, fewer 
cells attempt mitosis and the resulting de- 
struction of cells is much less. 


CLINICAL OBSERVATIONS ON THE ENHANCED 
EFFECTIVENESS OF INTERMITTENT OR 
PERIODIC RADIATION THERAPY 


Nature of Study. With the foregoing the- 
oretic advantages of broken-dose or inter- 
mittent roentgen therapy in mind, an at- 
tempt was made to obtain some clinical 
confirmation of these speculative view- 
points. The records of 46 patients with car- 
cinoma of the palatine tonsil,*® 88 patients 
with nasopharyngeal malignant processes 
and 43 patients with carcinoma of the anus, 
all treated long enough ago for five year 
follow-up data to be available, were re- 
viewed in respect to continuity of daily 
treatments, as well, of course, as total doses 
received and the influence of staging and 
the pathologic process on the results of 
therapy. 

Therapy was classified as “continuous” 
when there was no interruption in con- 
tinuity of therapy of more than four days 
during the first thirty days of treatment. 
Therapy was classified as “interrupted” or 
“periodic” when there was an interval of 
four or more days during the first thirty 
days of treatment. 

It became immediately obvious that sub- 
divisions of the “periodic” classification 
would be necessary. There was a group of 
patients treated entirely by discontinuous 
or intermittent radiation therapy and this 
group was classed as “periodic radiation 
therapy.”” Another group of patients re- 
ceived initial surgical treatment, excision 
or surgical diathermy, which was followed 
after an interval of more than four days by 
radiation therapy. Whether these patients 
should be considered in the evaluation of 
interrupted or periodic radiation therapy 
is debatable, and for this reason they have 
been classified separately. It should be re- 
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membered, however, that since physiologic 
changes such as underfeeding or starving, 
anoxia, lowering of environmental tem- 
peratures, poisoning of one sort or another 
and so on will suppress and retard mitotic 
activity, it is conceivable that major surgi- 
cal intervention and particularly surgical 
diathermy would accomplish the same 
effect, and that subsequent radiation ther- 
apy, if timed to coincide with mitotic re- 
covery, could accomplish the same end re- 
sults as interrupted radiation therapy. 

There is a somewhat debatable third 
group of patients treated entirely by dis- 
continuous radiation therapy in which the 
interval between treatments was more than 
thirty days. This group is classified sepa- 
rately as receiving “periodic radiation ther- 
apy of more than 30 days.” 

The reasons for interruption of a planned 
course of therapy were many and varied. 
Among those patients who had undergone 
preliminary surgical excision or diathermy, 
recovery from the traumatic effects of op- 
eration was the obvious reason for inter- 
ruption of the treatment program. Among 
many other patients treated entirely by 
radiation therapy, interruption of therapy 
was a chance occurrence, sometimes moti- 
vated by radiation toxicity, whereas at 
other times a random patient had to dis- 
continue therapy temporarily because of 
personal or business reasons. The vast ma- 
jority of patients treated at the Mayo 
Clinic are not local residents and the prob- 
lem of interrupted therapy for the above 
reasons is understandably greater than it 
would be for cosmopolitan treatment cen- 
ters dealing with a more indigenous local 
population. Discontinuance of therapy as 
such was almost never planned by the ther- 
apist, and from this standpoint it may be 
said that the patient who received inter- 
rupted or periodic therapy did so only by 
accident. 

Carcinoma of the Palatine Tonsil. Anal- 
ysis of our results in respect to continuity 
of therapy reveals a most surprising and 
unexpected apparent superiority of inter- 
mittent or broken-dose therapy over con- 
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tinuous therapy. Of 46 patients who had 
carcinoma of the palatine tonsil, the over- 
all absolute five year survival rate was 43 
per cent. In this group the five year rate 
among those who received some form of 
interrupted or periodic therapy was g1 per 
cent, whereas among those patients who re- 
ceived continuous therapy the five year 
survival rate was only 23 per cent (Table 
111, Iv and v). On the basis of these figures 
in this group of 46 patients, it would appear 
that broken-dose, intermittent or periodic 
therapy was of the order of four times as 
effective as continuous daily treatment. 
It next becomes necessary to analyze the 
possible influence of preferential factors, 
such as total dose received, stage of the dis- 
ease and the pathologic process concerned 
on this apparent superiority of broken-dose 
therapy. If patients who received inter- 
rupted therapy did so on the basis of chance 
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or random occurrence, there should be no 
disparity between the staging and the doses 
received as between those patients receiv- 
ing continuous therapy and those patients 
receiving broken-dose or interrupted ther- 
apy. A closer analysis of our patients (Table 
11, 1v and v) reveals this to be the case. 
In an attempt to determine the influence 
of staging on the two groups of patients, 
three stages of the disease were considered: 
(1) In Stage 1 the lesion was confined to the 
palatine tonsil without extension into the 
surrounding or adjacent structures; (2) 
in Stage 2 the lesion already had spread to 
surrounding structures, such as the base of 
the tongue, lateral hypopharyngeal wall, 
palate or nasopharynx, but had not ex- 
tended to the regional lymph nodes of the 
neck; (3) in Stage 3 there was obvious 
malignant involvement of the regional 
cervical lymph nodes, although usually 


Tasce III 
CARCINOMA OF THE TONSIL: INFLUENCE OF STAGING 
Periodic treatment 
Initial Sur- Continuous 
Radiati gery and Radiation Radiation | Surgery | Over-all 
Th wenn Periodic Therapy of Total Therapy 
anid Radiation | >30 Days 
Therapy 
Total patients 3 5 3 | II 30 5 46 
§ yr. survival 3 5 2 10 7 3 20 
Per cent 100 100 67 9g! 23 60 43 
§ yr. survival 
Stage 1 I 2 I 4 I 3 8 
2 I I 3 4 
3 2 2 I 5 3 8 
<5§ yr. survival 
Stage I 3 3 
2 1 I ¥ 8 
3 13 2 1S 
Over-all 
Stage 1 4 (36%) 4 (13%) | 3 (60%) | 11 (24%) 
2 2 (18%) 10 (33%) 12 (26%) 
3 5 (46%) 16 (54%) | 2 (40%) | 23 (50%) 


Ali periodic treatment, Stage 1 and 2= 54 per cent; Stage 3= 46 per cent. Continuous treatment, Stage 1 and 2= 46 per cent; Stage 


3= 54 per cent. 
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TasB_e IV 
CARCINOMA OF THE TONSIL: INFLUENCE OF DOSAGE 
LOW DOSE <3,500 r; HIGH DOSE 3,500 r OR MORE 
| Periodic Treatment | | 
| Initial Sur- | Continuous 
Radiat; gery and | Radiation | Radiation Over-all 
Th ieneiong | Periodic | Therapy of Total | Therapy | 
Radiation | >30 Days 
| Therapy | | | 
Total patients | 3 5 3 II | 30 | 46* 
5 yr. survival | 3 | 5 2 | 10 7 20 
Per cent | 100 | 100 67 gl 23 43 
5 yr. survival | 
Low dose 3 2 5 I 6 
High dose | 3 2 | 5 6 Il 
<§ yr. survival 
Low dose I I 6 7 
High dose | 17 17 
Over-all 
Low dose 6 (55%) 7 (23%) 13 (32%)t 
High dose 5 (45%) 23 (77%) 28 (68%) 


* Operations in only § cases. 
t Per cent of 41 patients so treated. 


without pathologic confirmation. 

The ratio of localized tonsillar carcinoma 
(Stage 1 and 2) to disseminated, Stage 3 
tonsillar carcinoma, for both periodically 
and continuously treated patients, was 
about 1:1 for members of both groups. Of 
the patients treated periodically or discon- 
tinuously, 54 per cent were classed as hav- 
ing Stage 1 or 2 lesions, while 46 per cent 
had Stage 3 lesions; whereas, of the pa- 
tients continuously treated, 47 per cent 
were classed as having Stage 1 or 2 lesions, 
while 53 per cent had Stage 3 lesions. Since 
the localized and disseminated stages of the 
disease were about equally divided among 
patients in both groups, it is doubtful that 
preferential staging was a factor in the ap- 
parent superiority of interrupted irradi>- 
tion over continuous therapy (Table 11). 

In an attempt to assess the influence of 
dose on the two groups of patients, an 
arbitrary dividing line was set at 3,500 r. 
Those patients who received in excess of 


this dose were classed as receiving “high 
dose,” whereas those receiving less than 
this amount were classed as receiving “low 
dose.” In Table rv it can be seen that 55 
per cent of the patients treated periodically 
received low-dose therapy, as opposed to 
45 per cent who received high-dose therapy. 
Of those patients treated continuously, 23 
per cent received low-dose therapy, while 
77 per cent received so-called high-dose 
therapy. It seems obvious, therefore, that 
the better results obtained with the pe- 
riodic or broken-dose therapy cannot be at- 
tributed to the preferential doses received. 

Finally, an attempt was made to assess 
the influence of the pathologic process on 
the two groups of patients. Of the various 
subgroupings of tonsillar carcinoma, as 
published in a previous paper,®° only the 
lymphoepitheliomas were found to be asso- 
ciated with a definitely more favorable 
prognosis. In this group 86 per cent of the 
patients lived five years or more; whereas, 
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TABLE V 
CARCINOMA OF THE TONSIL: INFLUENCE OF PATHOLOGIC PROCESS 
Periodic Treatment 
Initial Sur- Continuous 
Radiat; gery and Radiation | Radiation | Surgery | Over-all 
tation | Periodic | Therapy of Total Therapy 
rile td Radiation >30 Days | 
Therapy | 
Total patients % | 5 3 | II 30 5 46 
5 yr. survival 3 | 2 10 7 3 20 
Per cent 100 100 67 gI a3 60 43 
5 yr. survival 
TCE 2 2 2 
SCE I 3 I 5 3 I 9 
ADCA I fe) I I 2 
LE I I 2 4 — 
<5$ yr. survival 
TCE 3 I 4 
SCE 16 I 17 
ADCA I I I 2 
LE I I 
2 2 
Over-all 
TCE 2 (18%) 3 (10%) I 6 (13%) 
SCE 5 (46%) 19 (63%) 2 26 (57%) 
ADCA 2 (18%) 1 (3%) I 4 (9%) 
LE 2 (18%) 5 (17%) 7 (15%) 
? or in situ 2 (7%) - 3 (6%) 
* | in situ. 


TCE= transitional-cell epithelioma. 
SCE=squamous-cell epithelioma. 
ADCA= adenocarcinoma. 
LE= lymphoepithelioma. 


among patients with transitional-cell epi- 
thelioma and squamous-cell carcinoma the 
respective five year survival rates were 33 
and 32 per cent. Patients with the other 
various subgroupings of lesions, such as 
adenocarcinoma and adenoid cystic car- 
cinoma or cylindroma, were too few to take 
into consideration. 

In a further breakdown of these figures 
according to whether the patients were 
treated periodically or continuously, it can 
be seen from Table v that patients who had 
lesions with a more favorable prognosis 
(lymphoepitheliomas) constituted an equal 


percentage so far as both types of therapy 
are concerned. The other various sub- 
groupings seem to be about equally divided 
also. It seems fairly certain, therefore, that 
the apparent superiority of results ob- 
tained among those patients treated pe- 
riodically was in no way due to the inclu- 
sion in this group of a larger percentage of 
cases in which the outlook was more favor- 
able. 

Since the better results of broken-dose 
therapy do not appear to be related to any 
preferential staging, to total dose received, 
or to the inclusion of a larger percentage of 
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the prognostically more favorable lesions, 
there is the definite suggestion that per- 
haps the better results are related to the 
intermittency of treatment itself. 

Carcinoma of the Nasopharynx. Records 
of 88 patients who had nasopharyngeal 
malignant lesions, with an over-all abso- 
lute five year survival rate of 17 per cent® 
were analyzed in respect to continuity of 
treatment and the effect of such treatment 
on survival rates. It was found that among 
those patients who received some form of 
interrupted or periodic therapy the five 
year survival rate was 32 per cent, as con- 
trasted with a five year survival rate of 9 
per cent among those patients receiving 
continuous or uninterrupted irradiation. 
Again, the increased effectiveness of pe- 
riodic therapy is of the order of 4:1 (Table 
vi, Vil and viii). 

Records of these patients were further 
analyzed in respect to the possible influence 
of staging, dose and pathologic process on 
the apparent superiority of results among 
patients treated periodically or by broken 
doses. Because of the obvious difficulty in 
staging nasopharyngeal malignant lesions, 
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only two groups were chosen: localized and 
disseminated carcinomas. Those naso- 
pharyngeal malignant lesions apparently 
confined to the nasopharynx proper, with- 
out extension craniad either via the petro- 
sphenoid or the retroparotidean pathways 
or inferiorly into the regional lymph nodes 
of the neck, were classified as “localized” 
lesions. Those lesions which extended be- 
yond the confines of the nasopharynx 
proper were classed as “disseminated.” 
Of the patients treated periodically, 32 
per cent had lesions of the localized type, 
whereas 68 per cent had disseminated 
lesions. Of the lesions of patients continu- 
ously treated, 21 per cent were localized, 
whereas 79 per cent were disseminated 
(Table v1). Admittedly, these percentages 
favor somewhat the patients treated pe- 
riodically, but the author does not believe 
that the disparity in respect to lesions in 
the disseminated stages explains the ap- 
parent superiority of the results of periodic 
treatment, a superiority of the order of 4:1. 
Any advantage which may have accrued 
from the preferential staging probably is 
offset to a large degree by the differences 


Tasie VI 
CARCINOMA OF THE NASOPHARYNX: INFLUENCE OF STAGING 
Periodic Treatment | 
Continuous 
Radiati | Radiation Radiation Over-all 
Th — | Therapy of Total Therapy 
d | 30 Days 
| 
Total patients 19 | 12 31 $7 | 88 
§ yr. survival * 3 10 5 15 
Per cent 37 25 32 9 17 
5 yr. survival 
Localized 3 2 5 I 6 
Disseminated 4 I 5 4 9 
<5§ yr. survival 
Localized 4 I 5 Il | 16 
Disseminated 8 8 16 41 57 
Over-all | 
Localized 10 (32%) 12(21%) | 22(25%) 
Disseminated 21 (68%) 45 (79%) 66 (75%) 


te 
| 
| 
| 
| 
| 
} 
| 
| 
— 
a 
2 
— 
= 


Paul W. Scanlon 


Marcu, 1959 


TasB_e VII 


CARCINOMA OF THE NASOPHARYNX: INFLUENCE OF DOSAGE 


LOW DOSE <3,500 r; HIGH DOSE 3,500 r OR MORE 


Periodic Treatment 
-| Continuous 
Radiati Radiation Radiation Over-all 
none Therapy of Total Therapy 
Therapy >30 Days 
Total patients 19 12 31 $7 88 
5 yr. survival 7 5 10 5 15 
Per cent 37 25 32 9 17 
5 yr. survival 
Low dose 5 5 8 3 II 
High dose 2 ° 2 2 4 
<5§ yr. survival 
Low dose 10 9 19 41 60 
High dose 2 fe) 2 II 13 
Over-all 
Low dose 27 (87%) 44 (77%) 71 (81%) 
High dose 4 (13%) 13 (23%) 17 (19%) 


in doses received by patients in the two 
groups. 

Again, in the assessing of doses, an arbi- 
trary dose of 3,500 r was chosen. Patients 
receiving in excess of this amount were 
classified as “‘high dose,” whereas those re- 
ceiving less than this amount were classed 
as ‘low dose.” Eighty-seven per cent of the 
patients treated periodically received low- 
dose therapy as opposed to 13 per cent who 
received high-dose therapy. Of the patients 
treated continuously, 77 per cent received 
low-dose therapy, whereas 23 per cent re- 
ceived high-dose therapy (Table vir). Thus, 
it can be said for this group, at least, that 
the apparent superiority of the results of 
periodic or broken-dose therapy could not 
be explained on the basis of more favorable 
doses received by patients in this group. 

In Table vit it can be seen that there 
was an equal division of the various patho- 
logic groupings between the two groups of 
patients, meaning those receiving broken- 
dose or intermittent therapy and those re- 
ceiving continuous therapy. It seems rea- 
sonable, therefore, to assume that there was 


no preferential inclusion in either group of 
the prognostically more favorable in- 
stances of sarcoma. 

Again, it may be said that since the bet- 
ter results of broken-dose therapy do not 
appear to be related to any preferential 
staging, to total dose received or to the 
inclusion of a larger percentage of more 
prognostically favorable lesions, there is 
the definite suggestion that the better re- 
sults thus obtained could be related to the 
intermittency of treatment itself. 

Carcinoma of the Anus. The records of 43 
patients who had carcinoma of the anus, all 
of whom were treated with topical radium 
therapy, were reviewed in regard to con- 
tinuity of the radium treatments. In Table 
tx it can be seen that the over-all five year 
survival rate of patients receiving radium 
therapy was 37 per cent. Those who had re- 
ceived some form of broken-dose therapy 
or periodic therapy had a five year survival 
rate of 67 per cent, as contrasted with the 
five year survival rate of 21 per cent among 
those continuously treated, with or with- 
out operation. The increased effectiveness 
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TaB_e VIII 


CARCINOMA OF THE NASOPHARYNX: INFLUENCE OF PATHOLOGIC PROCESS 


Periodic Treatment 
Continuous 
Radiati Radiation Radiation Over-all 
Th vein Therapy of Total Therapy 
>30 Days 
Total patients 19 12 31 | 57 88 
5 yr. survival 7 3 10 5 15 
Per cent 37 25 32 9 17 
5 yr. survival 
5 3 8 5 13 
L I ° I fe) I 
Others I ° I ° I 
| | — 
yr. survival 
LE 5 7 12 34 46 
L I ° I 2 3 
SCE 5 I 6 Il 17 
Others 1 SC 1 (malig.)? 2 3 SC, 1 ADCA, 7 
1 (malig.)? 
Over-all 
LE 20 (65%) 39 (68%) 59 (67%) 
L 2 (6%) 2 (4%) 4 (5%) 
SCE 6 (19%) 11 (19%) 17 (19%) 
Others 3 (10%) 5 (9%) 8 (9%) 
L=lymphosarcoma. 
SC =small-cell carcinoma 
of interrupted or broken-dose therapy in group receiving continuous treatment. 


this instance is in the order of 3:1. 

In an attempt to assess the influence of 
staging on these results, three stages were 
arbitrarily defined: In Stage 1 the lesions 
apparently were confined to the mucosa, 
and were freely movable without fixation 
to the underlying structures; in Stage 2 
there was either definite extension or in- 
filtration into the surrounding perianal tis- 
sues or contiguous involvement onto the 
perianal skin; in Stage 3 were included 
lymph node metastasis, either inguinal or 
pelvic, skip areas involving distant foci in 
the perianal skin, erosion into adjacent 
pelvic viscera and, of course, distant metas- 
tasis. 

There was apparently no_ prejudicial 
staging either in the group of patients 
receiving broken-dose treatment or the 


Among the lesions of patients treated pe- 
riodically, 27 per cent were Stage 1, 60 per 
cent were Stage 2 and 13 per cent were 
Stage 3. Among the lesions of patients 
treated continuously 39 per cent were 
Stage I, 47 per cent were Stage 2 and 14 
per cent were Stage 3. If anything, it can 
be said that this staging should have 
favored the patients continuously treated. 
In any event, staging does not seem to have 
played an important role in the apparent 
superiority of results obtained among pa- 
tients treated periodically or intermit- 
tently. 

Because of the impossibility of accurate 
estimation of volume dose from topical 
radium therapy, no attempt was made to 
assess the influence of doses in these two 
groups of patients. It is the author’s im- 
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TaB_Le IX 
CARCINOMA OF THE ANUS: INFLUENCE OF STAGING 
Periodic Treatment Continuous Treatment 
Initial Sur- Initial Sur- 
gery and gery and Over-all 
Periodic Total Continuous Total 
€rapy | Radiation €rapy | Radiation 
| Therapy Therapy 
Total patients | 8 | 7 15 | 21 7 28 43 
§ yr. survival 5 | 5 10 3 3 6 16 
Per cent 63 | 71 67 14 43 21 7 
5 yr. survival 
Stage I I 2 3 2 2 4 . 
2 5 fe) I I 6 
3 I I 2 I fe) I 3 
<§ yr. survival 
Stage I I ° I 5 2 7 8 
2 2 2 4 10 2 12 16 
3 3 3 3 
Over-all 
Stage 1 4 (27%) 11 (39%) 15 (35%) 
2 9 (60%) 13 (47%) 22 (51%) 
3 2 (13%) 4 (14%) 6 (14%) 


pression, however, that the patients treated 
periodically fared in no measurable way 
better than those treated continuously, and 
it is extremely doubtful whether a dis- 
parity in doses could explain the difference 
in the results obtained among members of 
the two groups. No attempt was made to 
assess the influence of the pathologic proc- 
ess on the reported results, since all lesions 
were squamous-cell epitheliomas. 

Thus, in three major series, intermittent 
or broken-dose therapy seemed to have an 
increased effectiveness of the order of 3:1 
or 4:1 over that of conventional, uninter- 
rupted, daily fractional therapy. This ap- 
parent superiority cannot be explained on 
the basis of preferential staging, doses re- 
ceived or pathologic subgroupings. Admit- 
tedly, these results are not conclusive, but 
the author believes they are suggestive 
enough to warrant reconsideration of our 
ideas regarding the value of continuous 
daily fractional therapy. 


PREVIOUS STUDIES 


There is other less definitive but highly 
suggestive evidence for the superiority of 
periodic or broken-dose interrupted radia- 
tion therapy. Fricke and Decker,’ in 1955, 
reporting on the results of treatment of 
1,059 patients with carcinoma of the uter- 
ine cervix at the Mayo Clinic between 1940 
and 1948, inclusive, wrote that the over- 
all, absolute five year survival rate was 47 
per cent, and that the relative five year 
survival rate among traced patients only 
was $1.7 per cent. If lesions other than 
squamous-cell epithelioma and lesions mod- 
ified by previous treatment elsewhere are 
excluded from this series, the over-all 
absolute five year survival rate among 794 
patients with squamous-cell carcinoma of 
the cervix would be 54 per cent. According 
to stage of lesion, the absolute five year 
survival rate is as follows: Stage 1, 71 per 
cent; Stage 2, 69 per cent; Stage 3, 52 per 
cent; and Stage 4, 24.8 per cent. The rela- 
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tive five year survival rate, according to 
stage of lesion but excluding untraced pa- 
tients, is as follows: Stage 1, 91.7 per cent; 
Stage 2, 76.7 per cent; Stage 3, 55.4 per 
cent; and Stage 4, 26.5 per cent. 

These results, among the best in the 
world literature in respect to carcinoma of 
the uterine cervix, were obtained with a 
system of broken-dose, interrupted radium 
therapy supplemented by what today we 
consider totally inadequate roentgen ther- 
apy. The initial radium therapy consisted 
of the administration of 5,500 to 7,300 mg. 
hours in a four week period. The radium 
treatments were administered on an aver- 
age of twice a week to various areas along 
the uterine axis and about the vaginal 
fornices, with a lapse of two to four days 
between applications of radium. 

The technique of roentgen therapy which 
was used during the years 1940 to 1948 and 
which we have since completely abandoned 
was begun after a patient had completed 
radium therapy. It consisted in the admin- 
istration of erythemogenic doses of roent- 
gen rays: $40 r (air) was delivered in single 
increments to opposing anterior and pos- 
terior pelvic portals, covering the entire 
pelvis. This therapy often was repeated at 
the end of the second and occasionally a 
third month, depending on the stage of the 
initial lesion and the progress of the pa- 
tient. It is difficult to reconcile our present 
beliefs regarding the importance of supple- 
mental high-dose roentgen therapy with 
the results obtained from the older tech- 
niques, with their supposed apparent inade- 
quacy of roentgen irradiation. It is en- 
tirely possible, however, that the inade- 
quacy of the old erythemogenic-dose tech- 
nique of roentgen therapy was more ap- 
parent than real, and that the biologic ef- 
fectiveness of intermittent or periodic 
roentgen and radium therapy is much 
greater than we have realized. Some of the 
most severe late cutaneous reactions and 
obvious radiation fractures of the femoral 
neck have followed this type of roentgen 
therapy, involving a dose which rarely ex- 
ceeds 2,200 to 2,400 r (skin) administered 
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in a three to four month period and prob- 
ably somewhat less to the midplane level 
in the region of the femoral neck. 

Koller and Smithers’® in 1946, writing on 
cytologic analysis of the response of the 
malignant tumors to irradiation as an ap- 
proach to a biologic basis for doses in radia- 
tion therapy, reported an interesting series 
of clinical experiments in which they em- 
ployed interrupted or broken-dose therapy 
at increasing intervals. They treated 6 pa- 
tients with cutaneous malignant lesions, 
employing cyclical therapy, and accom- 
plished complete eradication in all cases 
for a period up to a year. They also treated 
4 patients with malignant lesions of the 
osteochondrofibrosarcoma class and ob- 
tained complete eradication in one case, 
and probable eradication in another. In 2 
cases treatment failed: in one because of ex- 
tension outside the treatment field and in 
another because of reactivity within the 
treatment field. These results in the treat- 
ment of such a uniformly radioresistant 
group of tumors are at least suggestive of a 
possible increase in effectiveness of broken- 
dose or intermittent therapy. 

Sambrook, Thackray and Woodyatt,”® 
in 1950, reporting on a comparative study 
of radiation therapy techniques, studied the 
effect of divided-dose irradiation. They 
used as controls portions of the same lesion 
treated with the ordinary daily fractional 
irradiation. Working with squamous-cell 
epitheliomas, basal-cell epitheliomas and 
recurrent cutaneous adenocarcinomas of 
the breast, they irradiated one group of 
lesions with 500 r twice weekly, and 
treated control areas in the same tumor 
with 200 r daily for five days a week. In 
both groups the total dose to the tumors 
was the same. They noted that in squa- 
mous-cell epithelioma and recurrent adeno- 
carcinoma of the breast the split-dose tech- 
nique yielded results as good as those ob- 
tained in the control group, and that in 
approximately half of the cases results 
were definitely better than those in the 
control group. The same did not apply to 
results noted in the basal-cell epitheliomas 
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which were treated by the split-dose tech- 
nique. In this category daily, fractional 
irradiation yielded superior results. 

Sambrook and co-workers felt, on the 
basis of these studies and previous studies 
of irradiated tissue culture and tumors in 
animals, that radiation given during the 
period of mitotic suppression is relatively 
ineffective, and that a greatly enhanced 
lethal effect is obtained if fractions are 
spaced so as to coincide with the recovery 
of mitotic activity after the suppressive 
effect of a previous dose. They believed 
that mitotic suppression in tumors of hu- 
man beings varies in different lesions, but 
that it depends largely on the size of the 
initial dose. 

The classic work of Osgood in his treat- 
ment of chronic leukemia can be offered as 
an excellent example of the value and even 
superiority of broken-dose, periodic radia- 
tion therapy. The technique of the use of 
titrated, regularly spaced P® treatments 
for chronic leukemia is too well known to 
bear repetition here. It should be pointed 
out, however, that this technique of spaced 
therapy has resulted in approximate dou- 
bling of the average survival time of 3.6 
years that obtained when patients with 
chronic lymphocytic and granulocytic leu- 
kemia were treated by other means. 

Finally, the astute clinical observations 
of Coutard on the intermittency or perio- 
dicity of roentgen-ray reactions should be 
remembered. Coutard® observed and de- 
scribed cyclic peaks of intensity of reac- 
tions in the mucous membranes and skin 
during the course of heavy fractional irradi- 
ation of malignant lesions of the head and 
neck. He noted that the intensity of radio- 
mucositis and radioepithelitis waxed and 
waned during the course of therapy, with 
peaks of intensity occurring on the thir- 
teenth, twenty-sixth, thirty-ninth and fifty- 
second days in the case of radiomucositis 
and on the twenty-sixth and fifty-second 
days in the case of radioepithelitis. These 
cyclic variations he ascribed to moments 
of increased “cellular fragility.” Interest- 
ingly, he noted that in the treatment of 
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squamous-cell epithelioma of the tonsillar 
fossa, hypopharynx and larynx, when the 
treatment was terminated on or about the 
twelfth, twenty-sixth and thirty-ninth days 
corresponding to these moments or cyclic 
peaks of mucous-membrane reactions, the 
five year survival rate was approximately 
three times what it was among patients 
whose treatment terminated in the inter- 
vals between such periods. On the basis of 
these and other observations Coutard ad- 
vocated a system of broken-dose radiation 
therapy in which the treatments were not 
continuous, but were of short duration and 
were intense, in series which would utilize 
the periods or peaks of increased sensi- 
tivity, so that the effects of irradiation were 
produced at the times of greatest “cellular 
fragility.” 

For highly undifferentiated carcinoma 
Coutard suggested two series of six days 
each, separated by fourteen days without 
treatment, and the use of daily doses of 500 
to 700 r. The dose per series was 3,000 to 
3,500 r; the total dose was 6,000 to 7,000 r 
over a twenty-six day period. For mod- 
erately differentiated carcinoma, he advo- 
cated three series of three days each, sep- 
arated by seven and ten days, respectively, 
without treatment, and the use of daily 
doses of 800 r. The dose per series was 2,400 
r, the total dose of 7,200 r being delivered 
over a twenty-six day period. For very 
well differentiated carcinoma he suggested 
four series of two days each, separated by 
nine and eleven days, respectively, without 
treatment, and the use of daily doses of 800 
to 1,000 r. The dose per series was 1,800 to 
2,000 r, the total dose of 7,600 to 8,000 r 
being delivered over a total of thirty-nine 
days of treatment. Unfortunately, the re- 
sults which such therapy would produce 
have never appeared in the literature, but 
it is interesting that Coutard, with whose 
name we now associate the concept of 
daily, continuous fractional therapy, was 
among the first to advocate the use of the 
broken-dose, intermittent or periodic roent- 
gen therapy. 

It might be expected that if the broken- 
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dose or periodic technique of irradiation 
produces an enhanced lethal effect on tu- 
mors, there would be a corresponding in- 
crease in the severity of the radiation reac- 
tion in normal tissues surrounding these 
tumors. Such apparently is the case. The 
author currently is employing a system of 
broken-dose or periodic therapy. The cu- 
taneous and mucous-membrane reactions 
to interrupted therapy in the majority of 
cases have been noted to appear much 
earlier and after considerably smaller doses 
than is the case when conventional daily 
therapy is used. 

As mentioned above, some of the most 
severe cutaneous radiation reactions the 
author has seen have followed the monthly 
administration of erythemogenic doses in 
the treatment of carcinoma of the cervix, 
540 r (air) being delivered in single incre- 
ments to opposing anterior and posterior 
pelvic portals repeated three to four times 
over a four to six month period. The same 
amount of therapy—2,000 to 2,200 r in air 
—when administered in a single series, as 
is currently the practice, seldom evokes 
more than a temporary dry epitheleitis, 
with little or no late cutaneous reaction. 
This same amount of broken-dose therapy 
also has resulted in several fractures of the 
femoral neck, when the doses were well be- 
low what could reasonably be expected to 
produce avascular necrosis of the femoral 
neck. Finally, Koller and Smithers,'® using 
the split-dose technique referred to previ- 
ously, have produced radionecrosis of bone 
with doses well below what ordinarily 
would be expected to produce such un- 
toward sequelae. 

Chamberlain‘ in 1956, commenting on 
the lack of appreciation of the significance 
of the interval between roentgen-ray ex- 
posures, gave the following example: if 200 
kv., copper-filtered roentgen rays are used, 
a skin area of 200 to 300 sq. cm. (a circle 
with a diameter of 6 to 8 inches) will re- 
cover well from a total dose of 3,300 r (air) 
delivered in daily fractions of 300 r per 
day with one day intervals throughout the 
series. The acute reaction resulting from 
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such a brief series is severe, but recovery 
is prompt and relatively complete, and late 
sequelae are not to be expected. 

If, however, the same total dose of 3,300 
r in air is administered in eleven 300 r frac- 
tions at intervals of three to four weeks, so 
that the series lasts from thirty to forty 
weeks instead of ten to eleven days, there 
will be no acute reaction, but disastrous late 
sequelae are to be expected after an inter- 
val of two to four years. Some of the derma- 
tologic tragedies which Chamberlain has 
seen undoubtedly were caused by an un- 
fortunate choice of the interval between 
treatment. 

Thus it can be seen that the broken-dose 
or periodic system of roentgen therapy, 
for all its enhanced biologic effectiveness 
against malignant tissues, can be a two- 
edged sword. Until more is learned about 
the differential recovery time between 
malignant tissues and normal surrounding 
tissues, as well as the recovery time from 
varying-sized initial doses, it can be ex- 
pected that the morbidity rates from such 
irradiation will be definitely higher than 
those we now are familiar with in the use 
of daily fractional therapy. 


SUMMARY 


The susceptibility of a given cell to dam- 
age by radiation is greatest during the 
mitotic phase of the life span of that cell, 
particularly in early prophase. Initially, 
the radiation acts by depleting the popula- 
tion of these radiosensitive mitotic ele- 
ments in a given cell population. 

An important direct effect of radiation is 
a temporary suppression of mitotic ac- 
tivity, the duration and magnitude of sup- 
pression being dependent in the main on 
the size of the initial amount of radiation 
and secondarily on the type of tissue re- 
ceiving irradiation. Recovery takes place 
much quicker in undifferentiated or rapidly 
growing tissues. 

Subsequent irradiation during the pe- 
riod of mitotic suppression and after de- 
pletion of the radiosensitive mitotic ele- 
ments is relatively ineffective in that its 
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cellulocidal effect on adult, resting and dif- 
ferentiating malignant cells is no greater 
than that exerted on comparable cells of 
surrounding normal tissue. Hence, the dif- 
ferential effect of radiation between nor- 
mal and malignant tissues is no longer op- 
erative. Irradiation during this period of 
mitotic suppression further serves to keep 
mitotic activity in abeyance, and prevents 
the resumption of normal mitotic activity, 
with its attendant radiosensitivity. 

There is evidence which will support the 
contention that if therapy is interrupted 
long enough to allow tissue recovery and 
the resumption of normal mitotic activity, 
thus restoring the radiosensitive elements, 
the ultimate effect of irradiation—cellular 
degeneration—will be enhanced. Probably 
equally important, cellular degeneration 
can be brought about by considerably 
smaller amounts of radiation. 

Experimental radiobiologic evidence 
which supports this view has been re- 
viewed. A time-analysis of 46 cases of car- 
cinoma of the palatine tonsil, 88 cases of 
carcinoma of the nasopharynx and 43 cases 
of carcinoma of the anus leads the author 
to believe that the interrupted or broken- 
dose system of radiation therapy, which 
presumably allows mitotic recovery and 
thus restores radiosensitivity, is a superior 
form of radiation therapy. The effective- 
ness of such broken-dose or interrupted 
therapy when measured in terms of five 
year survival for the patients in the three 
series reviewed was of the order of 3 or 4 to 
1 over that of conventional daily fractional 
radiation therapy. Additional clinical data 
which indirectly support these views are 
reviewed. 

The potential dangers of such broken- 
dose or interrupted radiation therapy, with 
its enhanced biologic effectiveness, are con- 
sidered. Until more is learned about the 
differential recovery rates after varying- 
sized initial dosages and a better under- 
standing is obtained of the differential re- 
covery rates of varying types of tissues, 
the author anticipates that a somewhat 
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greater radiation morbidity will accom- 
pany broken-dose or interrupted therapy. 


The Mayo Clinic 


Rochester, Minnesota 
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RADIATION THERAPY IN CANCER 
OF THE LARYNX* 


A REVIEW 
By SIMEON T. CANTRIL, M.D. 


SEATTLE, WASHINGTON 


HE PRESENT review of radiation 

therapy in laryngeal cancer is prompt- 
ed by a perhaps optimistic view that the 
climate of acceptance of irradiation for can- 
cer of the larynx is showing signs of 
amelioration in the United States. Euro- 
pean centers have for many years enjoyed 
a fuller collaboration of laryngeal surgery 
and radiation therapy, which is a reflection 
of the origins of radiation therapy in Europe 
and the early interest in laryngeal cancer, 
particularly by Coutard and his collabora- 
tors. It is of note that the first publication 
of successful roentgen therapy in cancer of 
the larynx was made jointly in 1922 by the 
radiophysiologist Regaud, the roentgen 
therapist Coutard, and the laryngologist 
Hautant.*” The burden of effort for a closer 
collaboration now lies primarily with the 
radiologists, an emphasis we frequently 
overlook, for the climate of acceptance can 
only be favorably altered by a demonstra- 
tion of competence and favorable results of 
radiation therapy. Where these have 
existed the surgeons have, with some excep- 
tions, been supporters of radiation therapy. 
This does not imply an abandonment of 
surgery, but rather a mutual selection of 
cases better suited to a method of treatment 
providing control of cancer with conserva- 
tion of laryngeal function. By such col- 
laboration one can anticipate that in an- 
other decade the survival will be improved 
and radiation therapy will contribute a 
larger proportion. The most important con- 
tribution which radiation therapy can 
make is a reduction in the necessity for 
laryngectomy, reserving this operation for 
those patients for whom irradiation at the 
outset is not suitable, or for failures of 
irradiation. Lederman’s®® succinct (and 


understated) observation at the conclusion 
of his presentation of results is: ‘Two-thirds 
of the survivors retain the larynx, the re- 
maining one-third have to sacrifice the 
larynx to save life.’ This is not an in- 
considerable achievement. 

In cordal carcinoma, suitable for laryngo- 
fissure or limited surgery less than laryn- 
gectomy, radiation therapy is advancing to 
a degree approaching the results of surgery. 
Improvement of results is being achieved in 
selected advanced cases which have become 
extralaryngeal and inoperable. Such im- 
provement stems from wider experience in 
radiation therapy and to a lesser extent 
from the use of higher energy radiation than 
that available in the past. The greatest 
effort is needed in the stages of intermedi- 
ate advancement which are now frequently 
treated by laryngectomy. By the wise 
selection of cases within this stage, radia- 
tion therapy has the obligation to reduce 
the morbidity of laryngeal cancer without 
adding to its mortality. 

This review proposes to examine contri- 
butions which have enhanced the efficacy of 
irradiation in the treatment of laryngeal 
cancer and to summarize present accom- 
plishments and major causes of failure. It is 
not an endeavor to displace surgery from 
the very major contributions which it has 
made in the past and which will be required 
in the future. 


THE EARLY EXPERIMENTS, 1921-1932 


Since Coutard’s influence on the develop- 
ment of roentgen therapy was so profound, 
and because one of his main interests 
throughout life was the radiobiologic effect 
to be observed during and after irradiation 
of the larynx, it is useful to re-examine his 


* Presented at the Second Clinical Conference of the National Cancer Institute of Canada, Honey Harbour, Ottawa, June, 1958. 
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tortuous path. This was indeed far more 
than the concept of protracted tractional 
irradiation, too frequently and erroneously 
labeled “‘Coutard technique.” 

Coutard’s interest in the larynx stemmed 
from the usefulness of this organ as a learn- 
ing ground for radiation therapy. Accessible 
to examination, it also provided a variety 
of advantages. To quote Coutard: “In no 
other part of the body does one find 
gathered together all the gamut of neo- 
plastic types, histologically dissimilar, from 
the stratified epithelioma of mucous mem- 
brane type totally undifferentiated or 
slightly differentiated, parakeratotic, to the 
epithelioma of cutaneous type, very dif- 
ferentiated and infiltrating with epithelial 
pearls.” 

“Tn no other part of the body does one 
find gathered together in so small a space, 
anatomo-pathological forms diverse, 
from the simple invasion of the mucosa 
and loose vasculo-connective tissues and 
submucosae, of an exophytic aspect, to the 
infiltration of the various laryngeal muscu- 
lar groups, and to the destruction of the 
cartilage.” 

“There results therefrom a very great 
diversity in the degree of curability of 
these cancers.””® 

Consider for a moment Coutard’s posi- 
tion in the period 1919-1922. There had 
been sporadic attempts by others to utilize 
either radium or roentgen therapy in 
laryngeal cancer. All of these had been 
futile and at times disastrous—‘‘In a word, 
the actual opinion at present is that roent- 
gen therapy of the larynx would be danger- 
ous and poor in results.” In the period 
1919-1920 Coutard treated only one ad- 
vanced postoperative cancer of the larynx. 
In the period 1921-1922 roentgen therapy 
of laryngeal cancer was seriously begun; 32 
cases were treated in this period. The first 
report summarizes experience with 6 endo- 
laryngeal cancers treated in 1921. All cases 
were advanced, operable only by laryngec- 
tomy except for one which had eroded the 
skin anteriorly and destroyed the anterior 
thyroid cartilage. The results were in 
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themselves an achievement, although for us, 
as legatees of Coutard’s courage, of lesser 
importance than that they launched him on 
his pursuit of what for him was always un- 
attainable. Of the 6 patients forming the 
subject of the report, 2 died of laryngeal 
cancer and a third, aged seventy-four, died 
of cardiac disease which required the inter- 
ruption of treatment. Three patients, and 
including the one with cutaneous ulcera- 
tion, were living for one year at the time of 
the report. Of greater interest is that they 
were still living in 1936 when I reviewed 
their records in Coutard’s service at |’In- 
stitut du Radium. 

What had been learned from this first ex- 
perience—where would it lead? Foremost, 
the fatal accidents to the larynx reported by 
others had been avoided. This was attrib- 
uted to the prolongation of treatment and 
the limitation of dose to that which did not 
exceed the recuperative powers of normal 
tissues. The treatments were given over an 
average duration of seventeen days. This 
limited protraction was considered neces- 
sary to avoid the “‘radio-vaccination” or 
loss of radiosensitivity accompanying 
longer irradiation. The limiting factors of 
total dose and protraction were those of the 
radio-épidermite and radio-épithélite, both 
of which in this first group were carried 
to severe degrees. Descriptive of the 
mucosal reactions is the following: “During 
this period which lasts for 10 to 15 days, the 
patients are only able to swallow a small 
amount of water or milk while their 
dysphagia is violent and difficult to calm, 
even by insufflation of powdered cocaine 
and morphine; their loss of weight is mean- 
while rapid and impressive not only be- 
cause of the local reactions and lack of food 
but from general reactions which were 
added to these.” The dose itself, given in 
increments requiring one to two and one-half 
hours of daily treatment (‘‘because of the 
output of the apparatus then available to 
us”) varied from 40 to 72 Holzknecht units 
as measured on the skin (currently trans- 
posed as 100 r/H unit) and with a potential 
equivalent to 130-140 kv., filtration vary- 
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ing from 14 mm. Al to 0.5 mm. Zn plus 
3 mm. Al; fields 6.5—13 cm. in diameter. 
The concluding emphasis of the observa- 
tions is concerned, however, with the con- 
cept of the necessity for “an equality of 
irradiation ... the irradiation must of all 
necessity be equal, or as stated by the 
physicists, homogeneous.” Radiation ther- 
apy was here founded on the difference in 
sensitivity between normal and neoplastic 
elements. If this difference is very large, the 
dose required to destroy the neoplasm is 
small and there is no risk to normal struc- 
tures; one can then permit an unequal dis- 
tribution of dose within the zone of irradia- 
tion. However, when the difference in radio- 
sensitivity between normal and neoplastic 
tissues is small, it is necessary to administer 
a high dose to a// of the neoplasm, a dose 
which borders on the viability of normal 
structures. Important spatial inequalities 
in dose risk not only local necrosis but un- 
controlled neoplasm. In reviewing the 
methods of administering irradiation to the 
larynx then possible (the glass radon seeds 
of Janeway, internal radium in the glottis, 
interstitial radium puncture, direct irradia- 
tion to the larynx through thyrotomy 
wound, externally applied radium of which 
only a small quantity was then available), 
it was concluded that external roentgen 
therapy could best achieve homogeneous 
irradiation and was the sole method avail- 
able to balance extirpative surgery in op- 
erable cancer of the larynx. 

In summary, this most important report 
on cancer of the larynx had noted: (1) that 
this form of cancer could be successfully 
treated without lethal radiation injury and 
with preservation of respiration and phona- 
tion; (2) this was accomplished by protrac- 
tion of a dose which did not exceed but 
bordered on the limits of normal tissue 
tolerance; (3) the variability of response 
between infiltrative and noninfiltrative 
epidermoid cancer; and (4) the necessity 
for homogeneous irradiation, particularly 
when high dose levels were required in in- 
filtrating and less radiosensitive cancers. 
Through 1926, Coutard®! treated 77 pa- 
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tients with cancer of the larynx. Of these, 22 
(28 per cent) survived five or more years. 
From the abundance of material contained 
in these documents, we may, for purposes 
of our inquiry, broadly separate the ad- 
vances which the intervening years had 
made. 

Clinical and pathologic observations by 
Coutard and his colleagues in surgery and 
pathology led to a classification of laryn- 
geal cancer which departed from the time- 
honored “extrinsic” and “‘intrinsic”’ group- 
ings first formulated by Isambert in 1876. 
They settled on 4 forms: cancer of the 
epiglottis; cancer of the vocal cord; cancer 
of the false cord and ventricular cavities; 
and cancer limited to the subglottis. They 
also recognized the frequency of “hybrid 
forms” when extension of a lesion defied 
clinical classification. The principal avenues 
of regional extension of each site were de- 
scribed, and particularly as they pertained 
to complications of cartilaginous invasion, 
infiltration, fixation, lymphatic dissemina- 
tion—all factors seeming to complicate the 
radiation therapy. The histologic varieties 
most common to these forms were studied, 
giving clues to the relative radiosensitivity 
to be anticipated, both in the primary le- 
sion and in cervical metastases. 

Here also should be noted the observa- 
tion that the tissue or site of origin of a 
cancer of the larynx can at times only be 
determined by a close observation of the 
lesion during and after irradiation. In the 
more advanced tumors associated with 
varying degrees of inflammation and necro- 
sis, the alterations consecutive to irradia- 
tion will usually be noted first in the periph- 
eral portions of the growth and the point 
of origin may only later be seen as the nidus 
of residual cancer which may be the last to 
regress, or the portion giving rise to later 
renewed growth. When cancer has invaded 
cartilage or deeply infiltrated muscle, these 
foci, although not the site of the origin, may 
persist as uncontrolled cancer. 

Roentgenography of the larynx was in- 
troduced by Coutard in 1921 and used not 
only to assist in defining extension of cancer 
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not otherwise observable the pre- 
epiglottic space), but by repetition during 
and after irradiation it gave important in- 
formation on the events in progress. This 
work was notably carried forward by 
Coutard and Baclesse.''" Baclesse’s im- 
portant and complete publication ap- 
peared in the same year (1938) that Le- 
borgne” published his first work on laminag- 
raphy of cancer of the larynx, which added 
another dimension to the value of roent- 
genography in the diagnosis of laryngeal 
cancer. 

Clinical supervision of radiation therapy 
was throughout the basis for the observa- 
tions which Coutard made in these years. 
The patient’s entire physiology as well as 
his local reactions to irradiation were 
minutely observed for whatever help they 
could be in understanding radiation effects, 
both on normal and cancerous tissue. His 
statement that ‘We have always preferred 
to rely on a daily examination of the patient 
rather than a knowledge of the depth dose” 
epitomizes his approach, yet a careful read- 
ing of his works attests to his profound re- 
spect for control of physical factors.’ In the 
1922 publication, at a time when roentgen- 
ray quantity was measured by colorimetric 
changes in platinocyanide of barium, 
Coutard" lamented that he did not have 
available the “ionométrique”’ method which 
would give more precise measurements. Yet 
even here he could observe—‘“‘Nevertheless, 
let us avoid the fault which lies in believing 
in the precision of the decimal while we are 
not yet sure of the accuracy of our units.” 
Coutard’s® concern for radiation quantity 
was ever bound up with the other variables 
of radiation therapy—‘‘While dose is an 
element of the x-ray therapy of cancer 
(though an element very difficult to deter- 
mine in advance), the biological conditions 
under which this must be distributedfare 
sometimes more important... .” 

General radiobiologic principles underly- 
ing Coutard’s unceasing efforts to overcome 
radiotherapeutic obstacles were concerned 
primarily with (1) the effect of the vasculo- 
connective tissue reactions on the radio- 
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sensitivity of the cancer cells, (2) the daily 
and total quantities of dose as they in- 
fluenced cancerocidal effects, (3) the distri- 
bution of dose in time and (4) the early and 
late complications as they served as guides 
to irradiation. 

The nature of the vasculo-connective 
tissues forming the substratum of the can- 
cer is all important. Not only is the relative 
vascularity of the substratum related to the 
cellular type of cancer, its rapidity of 
growth and spread, but for radiation 
therapy its preservation is essential to the 
maintenance of a radiosensitivity of the 
growth greater than that of the adjacent 
normal tissues. Factors of irradiation which 
adversely modify the nutritional inter- 
change between tumor and substratum and 
lead to a reduced radiosensitivity are those 
of a too high daily or total dose, a too rapid 
treatment, a field too large in relation to the 
dose, or a radiation of too low an energy 
due to inadequate filtration and voltage. 
Impaired circulation, fibrosis, anemia and 
associated infection are other factors dimin- 
ishing radiosensitivity. Signs of vasculo- 
connective tissue injury are to be seen in an 
early onset of erythema of the mucous 
membrane associated with pharyngeal pain, 
the appearance of edema or the impairment 
of a pre-existing laryngeal mobility. These 
are signs necessitating a reduction in daily 
dose or if marked a temporary interruption 
of treatment. The aim is, however, to 
complete the irradiation before the onset of 
fibrosclerosing effects and while nourish- 
ment to both the normal tissues and neo- 
plasm is unimpaired. 

An important concept in Coutard’s 
earlier therapy had its origin in his close ob- 
servations of the time when the radio-épithé- 
lite appeared and reached its height. These 
times varied for mucous membranes of 
different histologic character within the 
larynx and pharynx, and were also related 
to the vascularity of the substratum. It was 
his belief that the period of greatest radio- 
vulnerability of a neoplasm corresponded 
to the period during which the epithelium 
from which it derived also exhibited its 
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maximum radio-épithélite. This observa- 
tion led to variations both in protraction 
and rhythm of total dose. Indeed, even 
until his last years Coutard was experi- 
menting with the time factor to achieve a 
maximum of cancerocidal effect, following 
the rhythmic appearance and reappearance 
of epithelial reactions. His early therapy 
had only a short protraction (ten to twenty 
days). This resulted from his original in- 
tent to produce a marked radio-épithélite 
over the tumor and adjacent mucous mem- 
branes. Since the radio-épithélite appeared 
and became confluent after ten to fourteen 
days of irradiation (with the daily doses 
then used), the protraction was at this pe- 
riod limited by the epithelial reactions pro- 
duced. And as the epithelial reactions re- 
quired another ten to fourteen days to heal, 
the skin was by then reaching its moist 
stage of radio-épidermite, which precluded 
further irradiation. He experimented with 
longer protraction, and in the period 1927- 
1933, in collaboration with Baclesse, ex- 
tended the total duration of treatment to as 
long as thirty to ninety days. Control was 
thereby achieved in some infiltrating can- 
cers which had hitherto been radiore- 
sistant and with less important late com- 
plications. 

Another concept in the time factor de- 
serves mention. This is the “preparatory 
treatment” which Coutard often used, par- 
ticularly with large tumors and_ those 
associated with infection. The irradiation 
might then begin with small daily doses of 
25—50-100 r (measured on skin) and main- 
tained thus for several weeks. The effects 
may be advantageous in their anti-inflam- 
matory action; bleeding is lessened; a 
slow but gradual reduction in a_ bulky 
tumor is produced, and may avoid the 
necessity for tracheotomy. This is a 
technique which is too often either un- 
known, or not applied in our present rush 
to get on with the therapy. The present 
availability of antibiotics in part substitutes 
for this minimal radiation therapy, but 
does not accomplish all that such initia- 
tion of treatment may at times achieve. 
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The factor of total dose was also one 
which Coutard manipulated widely. He 
early concluded that for undifferentiated 
epitheliomas dose was of greater impor- 
tance than time. For these, a mucosal dose 
of 3,500 r had produced a certain number of 
cures. For differentiated cancers, a mucosal 
dose as low as 4,500 r might be sufficient, 
and was modified upward in the presence of 
infection, infiltration and adherence. Yet 
in attempting to improve the results in the 
more infiltrating forms, combined skin dose 
was increased to as much as 12,000—1 5,000 r 
but without proportionate lengthening of 
protraction. Not only was the curability 
thereby reduced, but grave accidents re- 
sulted from the extensive early and late in- 
jury to vasculo-connective tissues and 
cartilage. For these forms he concluded that 
below a certain limit the time factor was of 
greater importance than the total dose. 
Hence arose the longer protraction and 
periodic variation in magnitude of daily 
dose but without a proportionate elevation 
of total dose. Such an approach he de- 
scribed as “Qualitative roentgen therapy, 
which is physiological, and in which the 
high daily doses given at opportune mo- 
ments, constitute, together with its dis- 
continuity, the two principal factors.” This 
contrasted with ‘Quantitative roentgen 
therapy, simple and elementary, in which 
the total dose and the continuous treatment 
are the principal factors.””* 

Thus, in the period 1921-1932 Coutard” 
treated 142 cancers of the larynx, mostly 
advanced or postoperative cases. Of these 
39 (27 per cent) survived five years; only 3 
patients died of cancer of the larynx during 
the next five years. To these 142 patients, 
and to Coutard, we owe the origins of roent- 
gen therapy of cancer of the larynx. His 
work was for him totally incomplete at the 
time of his death in 1950. 

Del Regato’s beautiful characterization 
of the man aptly applied to his work on 
cancer of the larynx: “Coutard was an in- 
dividualist with austerity, an habitual 
skeptic, possessed of a mystic respect for 
the unknown and a taste for the impossi- 
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ble; he feared the crippling consequences 
of contemplation of the accomplished task, 
and thought of consistency as a distortion 
of character. He was subject to that dis- 
harmony of intellectual aspirations and 
emotion which is at the basis of genius.” 


TWO DECADES OF DEVELOPMENT AND EX- 
TENSION OF THE METHOD, 1930-1950 


Coutard’s influence in initiating an in- 
terest in radiation therapy of laryngeal 
cancer can be seen in the work of European 
and American radiologists which followed 
upon his earlier reports. In Europe, Schintz 
and his associates in Switzerland, Nielsen 
in Denmark, Cade, Lederman and Win- 
deyer in England and the Radiumhemmet 
in Sweden were all eventually to publish 
work dating from the early 1930’s. In 
France, Baclesse had the opportunity to fol- 
low the earlier cases treated in Coutard’s 
service and to pursue his personal research 
in the treatment of larynx. 

The early and principal protagonists of 
radiation therapy in laryngeal cancer in the 
United States were two of Coutard’s early 
pupils, Maurice Lenz and William Harris. 
Likewise, Douglas Quick brought to the 
problem an appreciation of laryngeal sur- 
gery and radiation therapy which was most 
influential in challenging the established 
surgical priority. Chevalier Jackson in 
Philadelphia, among the foremost of laryn- 
gologic surgeons, gave sympathetic support 
to the development of radiation therapy 
which over the years has been maintained 
by his successors. In Canada there were 
those who had been nurtured in the French 
school and who had seen Coutard’s begin- 
nings. In South America, Leborgne became 
and has continued to be an outstanding 
contributor to the radiation therapy of 
laryngeal cancer. The decade 1930-1940 
was thus one of a wider application of the 
method, used in most centers in cases which 
were not suitable for surgery. 

It is of more than historic interest that 
in this decade of increasing abundance of 
radium, telecurie therapy of laryngeal can- 
cer was undertaken. At the Fondation 
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Curie it received lesser emphasis than did 
roentgen therapy because of Coutard’s in- 
terest in the larynx and in roentgen rays 
and also because the available radium was 
largely used in the treatment of cancer of 
the uterus. In Europe the Radiumhemmet 
and several British centers had acquired 
teleradium. Lederman’s long application of 
telecurie therapy in laryngeal cancer belies 
any mysticism of superiority of roentgen 
rays over the gamma rays of radium in their 
application to the larynx. In the United 
States, Quick at the Memorial Hospital in 
New York and Cutler’ at the Michael 
Reese Hospital in Chicago were those who 
used telecurie therapy as means of applying 
Coutard’s principles. In all of this one 
comes to the conclusion that in telecurie 
therapy or roentgen therapy, the quality of 
the radiologist and not that of the rays was 
the deciding factor. And as we are entering 
a period of telecobalt and telecesium ther- 
apy it will be of interest to see whether 
these successors to teleradium offer advan- 
tages over the roentgen therapy of the past. 

Apart from the advent of teleradium 
therapy, there developed in England the 
technique of local radium therapy by /fene- 
stration of the thyroid cartilage and the 
application of radium to the endolarynx. 
The names associated with the procedure 
and its modifications are Finzi and Har- 
mer,!®!® Cade? and Lederman and May- 
neord.*® From its use in limited lesions of 
the vocal cord, wider cartilaginous resec- 
tion was extended to portions of the cri- 
coid, and for lesions transgressing the 
commissure and involving both cords, bi- 
lateral irradiation was done. Developed in 
the early 1920’s, the procedure is still 
practiced, and has been further refined by 
dosage computations.**** The method has 
permitted the delivery of high doses 
(8,000-12,000 r) to limited volumes. In 
skilled hands, it still remains an acceptable 
method of irradiation for limited lesions. 

A progressive improvement in the results 
of radiation therapy of laryngeal cancer 
cannot be universally seen in this second pe- 
riod of wider application. In part this was 
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due to the inexperience of those who of 
necessity had to learn for themselves the 
pitfalls in the irradiation of so delicate an 
organ and usually the site of advanced dis- 
ease. Yet it is of interest to summarize cer- 
tain of the contributions which were made 
and which have strengthened our present 
concepts of the over-all management of 
cancer of the larynx. These may be con- 
sidered as having reference to (1) the patho- 
logic anatomy of laryngeal cancer, (2) tech- 
nical developments which have added to 
the ease and efficiency of irradiation, (3) a 
greater appreciation of the importance of 
the time factor in achieving a higher dose 
without late important injury, and (4) last 
but by no means least, a fuller collaboration 
with the surgeons in the total care of the 
patient. 

Lenz,**:* in publications as early as 1932- 
1935 was interested in details of lymphatic 
anatomy of the larynx relating to the pro- 
pensity for metastases of lesions arising in 
various laryngeal sites. The richness and 
intercommunications of the lymphatics 
draining the supraglottic tumors are great 
in comparison to those of the vocal cord. To 
anticipate potential cervical metastases 
from supraglottic tumors requires the plan- 
ning of wider fields of irradiation to include 
lymph nodes anterior to the hyothyroid 
membrane, disease within the pre-epiglottic 
space as well as lymphatics terminating in 
carotid nodes. The frequency of bilateral 
cervical metastases associated with supra- 
glottic tumors is explained by the cross- 
communications of lymphatics, both an- 
teriorly and posteriorly, where they may 
metastasize via the lymphatics of the pre- 
vertebral space to reach the mediastinum. 
Thus for supraglottic tumors associated 
with unilateral metastases, the planning of 
fields in relation to dose and protraction 
should not totally neglect the contralateral 
side. The applicability of small fields in 
cancer limited to the cord is possible be- 
cause of the paucity of lymphatics of the 
cord. In those that reach the anterior com- 
missure and which may involve the cords 
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bilaterally and the anterior subglottis, the 
incidence of metastasis to the prethyroid 
or jugular lymph nodes is appreciable 
(Baclesse, 10 per cent) and should be taken 
into account in treatment planning. Lenz 
has continued these early studies, relating 
metastasis not only to the lymphatic anat- 
omy but to the arterial and venous sup- 
ply which in richness tends to parallel that 
of the lymphatics. This accounts for the 
distant metastases which although not fre- 
quent are almost exclusively associated 
with supraglottic tumors and with glottic 
and subglottic cancers only in stages of ad- 
vancement. The most common distant 
spread is to lung although we have encoun- 
tered metastases in bone. 

Another complication which may attend 
the irradiation of the larynx, and to which 
Lenz and his associates gave early atten- 
tion is that of the problem of cartilage 
necrosis.'*3* They noted, as did Coutard, 
the greater vulnerability of the ossified 
cartilage in the elderly. Pre-existing chon- 
dritis, whether from laryngeal surgery, inva- 
sion by cancer or associated infection, pre- 
disposed to necrosis following irradiation. 
The onset of persistent edema of the laryn- 
geal mucosa overlying diseased cartilage 
was noted and except for that involving the 
suprahyoid portion of the epiglottis, which 
may be sequestrated, the advent of carti- 
lage necrosis was a grave prognostic sign. 
They also cautioned against too rapid ther- 
apy as favoring cartilage necrosis and par- 
ticularly when larger fields were used. 

Leroux-Robert,*” by serial examination 
of operative specimens of laryngeal cancer, 
demonstrated the relative frequency and 
rapidity of cartilage invasion following the 
origin of cancer within the larynx and its 
subsequent spread. These emphasized the 
early invasion of the thyroid cartilage from 
tumors arising in the ventricle. He demon- 
strated the early invasion of the base of 
epiglottis by tumors arising anteriorly on 
the false cord or laryngeal surface of epi- 
glottis and the frequency of cancer within 
the pre-epiglottic space from vestibular le- 
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sions in general. Subglottic cancers, spread- 
ing submucosally, invade the thyroid 
cartilage anteriorly or laterally or the 
arytenoid posteriorly. 

Cartilage invasion was studied by Ba- 
clesse!:? utilizing roentgenography and with 
the opportunity to verify the roentgen- 
ographic observations in operative spec- 
imens. His publication of 1938 showed the 
wide variation in cartilaginous structure 
and ossification to be noted in the normal, 
with differences in age and sex. He also 
described decalcification associated with 
laryngeal infection and with neighboring 
disease outside of but not invading car- 
tilage. More importantly, however, he 
demonstrated that with experience one can 
often delineate invasion of the thyroid 
cartilage in the absence of clinical signs. 

Technical improvements in_ radiation 
therapy which became available in the 
period 1930-1940 may at this time already 
seem archaic. In 1932 Lenz® reported the 
use of higher intensity irradiation of can- 
cer of the larynx using 200 kv. heavily 
filtered roentgen rays from a 30 ma. 
water-cooled tube. He reduced Coutard’s 
daily time of irradiation of one to four 
hours to fifteen to twenty-two minutes. 
Coutard’s low intensity (2-5 r per minute) 
was a product of the only equipment 
available to him. Also he saw in this low 
rate an intensity more closely simulating 
the clinical use of radium. This restric- 
tion to low intensity and the division of the 
daily dose into two sessions of one to two 
hours each was, I believe, more firmly im- 
planted in the minds of Coutard’s observ- 
ers as fundamental to his technique than 
it was to Coutard. He used what he had and 
applied his treatment accordingly. The in- 
troduction of higher intensity did not ap- 
pear to alter the sequence or degree of cu- 
taneous, epithelial or tumor reactions for 
comparable dose-time limits. It was a con- 
venience for the patient and therapist. (I 
believe the principal advantage of low in- 
tensity is that it gives the therapist a 
chance to think between treatments if he 
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has the wisdom to so utilize this time.) And 
apart from a higher intensity, the period 
1930-1940 saw the wider availability of 
200 kv. potential and was even beginning 
to creep into the range of 400 kv. Prior to 
this time roentgen therapy was in many 
centers utilizing a lower potential with in- 
adequate filtration and consequent greater 
injury to skin and a lesser homogeneity of 
distribution in depth. Our present obstacles 
in the treatment of laryngeal cancer are 
not technical. 

As radiation therapy progressed in the 
second decade of its development, it be- 
came more evident that the dose which 
could be achieved without important in- 
jury to the vascular bed and other impor- 
tant tissues was intimately associated with 
time factor as Regaud and Coutard had 
postulated. It is of interest to review the 
reports of those most concerned in this 
problem as it pertained to cancer of the 
larynx and to observe a gradual lengthen- 
ing of the protraction with increasing ex- 
perience. Lenz et a/.**:*4>.%6 in reports made 
In 1932, 1934, 1942, and 1947 had increased 
protraction from three to seven weeks with- 
out, however, a commensurate increase in 
total dose. In the period 1931-1946, Harris” 
used a protraction of twenty-eight to forty 
days for a laryngeal dose of 4,700—-6,000 r. 
In 1947 this was increased to as long as 
forty-nine days and in 1949, following 
Baclesse, he treated more extensive lesions 
over sixty days using smaller fields, which 
he believed would “‘mark a significant ad- 
vance in the future management of laryn- 
geal cancer.”’ The same trend to longer pro- 
traction can be noted in the publications by 
Nielsen.“ 

It is Baclesse whom we see most preoc- 
cupied with longer protraction as a means 
to safely increase the dose in more ad- 
vanced and infiltrating cancer and in those 
associated with cervical metastases. This 
“super-fractionation” was begun in 1928 
and applied to cancer of the breast, uterus, 
larynx and pharynx. The biologic guides 
upon which the longer protraction was 
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based were first and foremost the local and 
general reactions as observed by close clini- 
cal examination throughout treatment. The 
most important guide (using 200 kv. roent- 
gen rays with half-value layer of 1.5 mm. 
Cu) was to maintain a dose in time which 
did not produce an exudative epidermitis 
before the total dose had been achieved. Ob- 
servations had established that with con- 
tinuous daily irradiation and within a 
range of dose varying with the relative tol- 
erance of the skin site, a moist exudative 
reaction would appear at intervals closely 
approximating two weeks. Thus for the 
skin of the upper half of the neck, a dose of 
the order of 3,500-4,000 r to the skin will 
result in a moist epidermitis at about four 
weeks. If then one irradiates at a fractional 
dose level low enough to avoid this first 
period of skin reaction, treatment may be 
continued, with subsequent critical periods 
to be avoided at six, eight, ten and twelve 
weeks. Mucosal reactions by this protrac- 
tion are minimal and in the larynx should 
not appear before six weeks or more. Im- 
portant to this super-fractionation are (1) 
a diminishing field size with increasing dose 
after 4,000 r per skin field, the reduced 
field to cover the residual and more re- 
sistant portions of the tumor and (2) when 
for reasons of associated metastatic lymph 
nodes an elevated dose is required, tan- 
gential fields are used which do not exceed 
a skin dose of 6,000-7,000 r in twelve 
weeks. Such therapy, as Baclesse* warns, is 
fraught with hazard unless careful clinical 
control of the patient and details of super- 
vision of treatment are maintained. 
Although a later discussion of results 
will be included, it is appropriate to state 
here that a review by Baclesse? of all cases 
treated by roentgen therapy in the period 
1919-1940, and analyzed with respect to 
site and advancement of disease, total dose 
and protraction, demonstrated the efficacy 
of longer protraction with elevated dose in 
the more advanced forms and in those with 
cervical metastases. Later publications by 
Baclesse** have analyzed the dose-time 
factor and results for all cases treated by 
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roentgen therapy alone in the period 1g1g- 
1946 and Igtg-1950. These studies add 
immeasurably to the results and safety in 
the treatment of more advanced cancer of 
the larynx which are those in which radia- 
tion therapy can make its greatest contri- 
bution. It gives to radiation therapy what 
Baclesse’ chooses to call a “flexibility.” He 
emphasizes “‘there is no single and unique 
method, defined by a fixed dose for each 
tumor, but an entire series of methods, 
adapted to different varieties of cancer 
which differ in their histology, local and 
regional extension, and the general condi- 
tion of the patient. A small cancer is not 
treated as an extensive one. In the last anal- 
ysis clinical considerations determine the 
modality of treating cancers of the same 
histological variety, in particular the frac- 
tionation inrelation to the total necessary 
dose.” 

Collaboration between surgery and radi- 
ation therapy in the selection of the method 
of treatment for the individual patient and 
a mutual understanding of the problems en- 
countered in treating laryngeal cancer were 
the requisites for the development of radia- 
tion therapy applied to the larynx. That 
in the best hands, whether surgical or radio- 
logic, there will be failures is evident, but 
that there be mutual recognition of causes 
of failure and a sharing of experience is es- 
sential. Otherwise, neither arm is strength- 
ened and future patients are the losers. 

An approach which has not been widely 
and systematically applied is the planned 
combination of surgery and radiation ther- 
apy in laryngeal cancer. In most centers 
either surgery or irradiation is selected as 
the method of choice for the individual pa- 
tient, reserving the other modality in case 
of failure. It is therefore pertinent to note 
the work by Leroux-Robert and Ennuyer** 
and by Baclesse® in the planned associa- 
tion of surgery and irradiation. The publi- 
cations by Leroux-Robert*’** of 1937 and 
1950 and by Leroux-Robert and Ennuyer** 
(1956) reveal the revisions made in the cri- 
teria for the application of either method 
alone or in combination, as a larger experi- 
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ence was gained in both surgery and irradi- 
ation in the Fondation Curie. The present 
concept published in 1956 is based on the 
results in 200 patients treated five or more 
years before with a survival of 119 or $9.5 
per cent. Of the survivors total laryngec- 
tomy was done in 60 (50 per cent) and more 
limited surgery (thyrotomy or _ partial 
laryngectomy) in $9 (50 per cent). These 
authors conclude that in general: (a) the 
superficial or exophytic epitheliomas which 
are not associated with limitation of laryn- 
geal structures are in the domain of roentgen 
therapy. Those which are infiltrating, with 
compromise of mobility, are in the domain 
of surgery or the association of surgery and 
radiation therapy; (b) the epitheliomas of 
vestibule (epiglottis, false cord, ventricle) 
without metastatic lymph nodes are more 
often controlled by laryngectomy followed 
by irradiation than by irradiation alone. 

Baclesse® in 1952 reported the results in 
$9 patients (1941-1946) who had been sub- 
mitted to total laryngectomy, followed by 
roentgen therapy with high doses. All can- 
cers were advanced but without palpable 
lymph nodes (except one). Of the total 
group of $9 patients, 31 (52 per cent) had 
survived three years or more at the time of 
the report in 1952. 

In the United States the association of 
surgery and postoperative irradiation has 
been used by MacComb and Fletcher“! at 
Houston. In all patients with supraglottic 
cancer and who had had laryngectomy 
with or without neck dissection, postopera- 
tive irradiation is given if there is evidence 
or likelihood of residual disease after sur- 
gery. Ina total group of 42 patients, 18 with 
proved metastatic lymph nodes, 18 re- 
ceived postoperative irradiation. Five of 16 
patients in the supraglottic group have sur- 
vived five years; 11 of 24 have survived 
three years. 

There has been no large group of patients 
of which I am aware who have been sub- 
jected to irradiation with surgery planned 
thereafter. There are many who have re- 
ported results of surgery following radia- 
tion failure and these will be later consid- 
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ered. In the combination surgery-radiation 
therapy, the usual arguments in favor of 
irradiation preceding surgery for reasons 
of conserving vascularity do not apply with 
equal force as in other forms of cancer. 
Complications in surgery when extensive 
radiation therapy has been done are more 
apt to intervene when dealing with the 
larynx although, as we shall see, it is not a 
totally discouraging sequence for the treat- 
ment of radiation failures. 


CLASSIFICATION 


When one attempts to study the problem 
of cancer of the larynx, it is first of all evi- 
dent that there is no agreed upon defini- 
tion of “cancer of the larynx.” Further- 
more, in attempting to assess results of 
treatment by whatever method, one finds 
that descriptions of the cases cannot by an- 
other be made to fit into any one classifica- 
tion proposed. 

In view of the dependence of prognosis 
(whether by surgery or irradiation) on the 
site of origin within the larynx and route 
and extent of spread, a topographic rather 
than an anatomic or clinical classification 
seems preferable. There is, with a few minor 
differences, a uniformity of opinion among 
those proposing a classification as to what 
constitutes cancer of the larynx (Baclesse,” 
Leborgne,”*:?? Lederman,”? Low-Beer and 
Morrison,*® and Nielsen and Strandberg“). 
* ‘Apart from minor differences there has 
developed a common language of describ- 
ing laryngeal cancer as supraglotic, glottic 
and subglottic. | shall not enter into a dis- 
cussion of the staging within these three 
topographic forms as has been variously 
proposed by Nielsen, Lederman following 
largely on Leborgne, by Low-Beer and a 
classification and staging recommended by 
the Committee on Tumor Classification at 
the International Congress of Radiology of 
1953.* This does not invalidate the reports 
of individual investigators who make clear 
the groups of cases which they describe and 
evaluate. 


* See appendix. 
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RESULTS 


As the value of radiation therapy can 
only be judged by the curative and func- 
tional results achieved, it is unrealistic to 
omit all reference to surgical results, since 
in selecting irradiation as a method one 
must consider likewise the curative and 
functional results to be anticipated from 
surgery. 

In reviewing reports of results in laryn- 
geal cancer, one is inevitably faced with the 
fact that in the absence of a common de- 
scriptive language, which at best can only 
describe the malignant lesion in question, 
there are other important considerations in 
the individual patient which may weigh on 
the decision concerning method of treat- 
ment. These may be age, general health 
and the willingness of the patient either to 
submit to laryngectomy, or to take the risk 
of failure by radiation therapy with per- 
haps a lesser chance of control by laryn- 
gectomy thereafter. Reports from various 
centers also reflect the collaboration or 
lack of it between surgery and radiation 
therapy, which inevitably reflects the num- 
bers and stages treated by either method. 
Thus we may see how it influences the fre- 
quency of laryngectomy. And lastly, the 
expertness of the surgery and radiation 
therapy is a factor pre-eminently influenc- 
ing any statement of results. 

Shimkin, in Cancer at the Mid-Century 
collected data from cancer registries, hospi- 
tals and specialists concerning 1,095 cases 
of laryngeal cancer treated in the United 
States at varying periods between 1942 
and 1950.*! Blady® has summarized these 
to indicate: (1) of 498 cases still localized 
to the larynx, the survival by all methods 
was $0.5 per cent; (2) of 301 cases with 
regional spread outside the larynx by direct 
extension or cervical metastases, the sur- 
vival by all methods was 20 per cent; (3) 
the survival of the entire 1,095 cases, by all 
methods, was 29 per cent. 

In a larger series of 3,158 cases treated 
in the United States at the end of 1949, 
Blady® reported a five year survival of 43 
per cent. This large number was further 
analyzed to show: 
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Per Cent Five 


No. Year Survival 
Radiation Therapy 
Intrinsic 527 50 
Extrinsic 672 21.2 
Surgery 
Partial laryngectomy 333 79 
Total laryngectomy 531 58 
Additional Data 
(From Shimkin) 1,095 29 
3,158 43 


These figures are of interest for the average 
attainment which they show from results 
in the American literature at the time. 
They do not, however, justify the conclu- 
sions which were drawn for the “future out- 
look” which in summary were that more 
careful and more radical surgery was re- 
quired, while still reserving “a place for 
irradiation in selected cases” of intrinsic 
laryngeal cancer. 

We will only briefly consider the results 
in limited cancers of the vocal cord. This is 
the favorable stage without invasion of 
either commissure and operable by laryn- 
gofissure. Table 1 summarizes the results 
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CANCER LIMITED TO ONE VOCAL CORD, MOBILITY PRE- 
SERVED. OPERABLE BY LARYNGOFISSURE, FIVE 
YEAR RESULTS BY RADIATION THERAPY ALONE 


Well Five 


Years 
No. 
Per 
Ne, Cent 

Baclesse* 1919-1939 7 46 
1940-1946 II 10 go 
Cantril and Buschke 1938-1952 6 5 83 
Cutler! 1938-1944 21 15 71 
Evans 1946-1952 3 3. +100 
Garland” 1940-1952 6 6 100 
Harris et al.”! 1931-1947 21 15 71 
Lampe™ 1945-1947 2 2 100 
Leborgne** 1933-1948 4 4 100 
Lederman*! 1933-1951 12 10 83 
Lenz* 1931-1941 7 6 85 
Nielsen* 1931-1944 18 16 8g 
1937-1944 16 94 
Schall** 1941-1945 13 12 92 


Sheline and Stone® 1942-1952 30 24 8o 


Footnote: All patients lost to observation or dying of inter- 
current disease prior to five years are considered as radiation 
failures. 
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which have been obtained by external radi- 
ation therapy alone. With careful attention 
to factors of size of field, dose and protrac- 
tion, the functional results should be super- 
ior to cordectomy. Failures may also result 
from an incorrect appraisal of the extent 
of the lesion, particularly when it is not 
suspected of subglottic extension. The sur- 
vival by radiation therapy is comparable to 
that obtained by limited surgery over an 
equal expanse of surgical experience, and 
the choice of method may well depend upon 
factors of age and general health. Failure 
by cordectomy reserves the possibility of 
more extensive surgery or irradiation. Fail- 
ure by irradiation will usually require sur- 
gery more extensive than cordectomy. Al- 
though the number of cases of this type 
so far treated by radiation therapy is small, 
it is anticipated that as competent radia- 
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tion therapy becomes more widely avail- 
able, the numbers of early cordal cancers 
treated by irradiation will increase. 

Believing that radiation therapy can 
make its greatest contribution in avoiding 
laryngectomy, it is of interest to summarize 
(Table 11 and 11) the over-all results from 
this point of view as reported from various 
centers. It is realized that the proportion 
of cases in relative stages of advancement 
may vary between centers. The proportion 
of cases controlled with and without laryngec- 
tomy is an index of the relative role of radia- 
tion therapy in the management of the 
total disease, where both surgery and irradi- 
ation are available. From Table it may 
be seen that: 

1. Of all cases treated, more than two 
thirds survive without laryngectomy when 
radiation is the principal treatment or is 


II 


SURVIVAL WITH AND WITHOUT LARYNGECTOMY IN TOTAL CASES TREATED 


No. 


Proportion of Five Year Survivors 


one Five Year Principal 
Treate Survival With Without Treatment 
reated 
Laryngectomy Laryngectomy 
No. — No. Per Cent No. Per Cent 

Leborgne”® 

1933-1948 170 55 32 9 16 46 84 Radiation 
Lederman*! 

1933-1952 294 138 47 29 21 109 79 Radiation 
Nielsen® 

1931-1948 235 127 54 19 15 108 85 Radiation 
Cantril and 
Buschke 

1938-1952 58 28 48 5 18 23 82 Radiation 
Leroux-Robert Surgery with Radiation 
and Ennuyer*® and Surgery Alone 

Pub. 1956 200 119 59 60 50 59 50 
Jackson et al.” Partial Laryngectomy 243 

1930-1949 695 382 59* 139 36 243 64 Total Laryngectomy 257 

Radiation 195 

Wang and 
O’Donnell® Radiation 161 

1931-1949 245 109 45 38 35 71 65 Surgery 84 


* Survival in determinate cases, 72 per cent. 


> | 

| 


468 


Taste III 


CANCER OF THE LARYNX 
MEMORIAL HOSPITAL 
(H. MARTIN, 1957) 


Intrine Ex- 
sic trinsic Total 
Lar- Lar- Larynx 
ynx* =ynxt 
No. 320 290 610 
No. Determinate Cases 250 230 480 
Five Year Clinical Cure 160 83 243 
Per Cent Cure Determinate 64% 36% 50% 
Per Cent Cure Absolute 50% 2% 39% 


* Principal treatment partial and total laryngectomy. 

t Principal treatment total laryngectomy. 
From data presented before the Annual Scientific Session, Amer- 
ican Cancer Society, Inc., October, 1957. New York, New York. 
(Absolute cure rate derived by author from data presented.) 


used to a degree comparable with surgery. 
In the largest group (695 cases) two thirds 
survive without laryngectomy when partial 
and total laryngectomy and irradiation are 
used in approximately comparable num- 
bers of patients. 

2. In the group treated surgically or 
combined with irradiation, one half survive 
without laryngectomy. 

3. The conclusion would seem to be valid 
that a careful and collaborative selection of 
patients for laryngectomy, and _ utilizing 
limited surgery and irradiation to its fullest 
potentiality will cure the greatest number 
of patients and likewise preserve the larynx 
in a higher proportion. 

4. Table 111, which portrays the Memo- 
rial Hospital experience with laryngeal can- 
cer over the period 1948-1952, shows the 
ascendency of surgery to an almost aban- 
donment of irradiation. This trend indi- 
cates that the absolute survival is less than 
in the majority of centers where radiation 
is not ignored and leads to a sacrifice of 
the larynx in a greater number. 

Our principal interest in those cases 
which would otherwise require laryngec- 
tomy can be analyzed from reports in 
which the advancement of disease is de- 
scribed and the author specifically relates 
the stage to treatability by laryngectomy, 
whether this or other methods are actually 
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used in treatment. Table tv allows us to 
compare radiation therapy alone, radia- 
tion therapy with surgery for failure, 
planned association of surgery and post- 
operative irradiation and surgery alone. 
Certain conclusions can be drawn: 

1. The relative numbers of patients in 
this stage in the various reports are from 
one third to two thirds of the entire number 
with laryngeal cancer of all stages. Apart 
from staging with reference to treatability 
by laryngectomy, the cases treated princi- 

pally by irradiation include all sites of 
origin except for those reported by Harris 
et al." (intrinsic: vocal cords, anterior com- 
missure, subglottic and ventricle) and 
Sheline and Stone®® (glottic lesions). To 
this extent the comparisons are valid by 
site of origin and stage. 

(2) In these reports one quarter to two 
thirds of patients in this stage have sur- 
vived without laryngectomy when irradia- 
tion was the principal method. The over-all 
results within the stage are at least com- 
parable to either method in which laryngec- 
tomy was used. 

3. With laryngectomy (with or without 
postoperative irradiation) the total sur- 
vival is not consistently greater than when 
irradiation was the principal method, and 
all patients have sacrificed the larynx. 

Surgery for radiation failure can be done 
successfully in a considerable proportion 
of cases. For early lesions the surgery re- 
quired may be more extensive than that 
which would have been performed had 
surgery been the primary treatment. The 
more common requirement is laryngectomy 
for radiation failure in more advanced can- 
cer. It is to be emphasized that the avoid- 
ance of postsurgical complications requires 
the best possible preservation of normal 
tissues following irradiation, which stresses 
the importance of protraction of dose and 
the limitation of size of field to the mini- 
mum for the individual case. Lederman* in- 
cludes 29 patients surviving following 
laryngectomy for radiation failure among 
138 total survivors. Nielsen“ reports 13 
laryngectomies following radiation failure 
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TRANSLATION OF HOLOGRAPH BY HENRI COUTARD 


Conclusions on Cancer of the Larynx 


This study of cancer of the larynx has shown us: 

(7) That it is possible to cause the complete disappearance of between 1/3 and 1/4 of these 
cancers. 

(2) That this proportion varies with the type of cancer. 

(3?) That we are beginning to understand what treatments are applicable to the different 
forms; that for the undifferentiated cancers the total dose is the important factor; that for the 
differentiated cancers the daily dose and the precise moment of its administration are the 
essential factors. 

(4) That the proportion of survivors also varies greatly with the years and that consequently 
very important errors exist either in the planning or in the execution of the treatments, which 
have been repeated in various years but which we do not yet understand fully. 

(5) That when we recognize these faults and these errors, a very great progress will become 
possible. 

(6) That consequently we must not allow ourselves to become discouraged in the battle 
against cancer by radiation, and that one must not have the pretension to solve these problems, 
without prolonged effort and long patience. 


| 
) 
A 


Simeon T. Cantril 


470 Maren, 1954 
TaBLe IV 
FIVE YEAR SURVIVAL WITH AND WITHOUT LARYNGECTOMY IN STAGES 
OPERABLE BY LARYNGECTOMY 
Five Year 
Survival All Surviving 
Per Cent Cases this 
in This Stage 
No. Stage of ——————— W; Without Principal Treatment 
ith 
Total Per Per Laryngec- 
Cases Cent Cent tomy 
Abso- Deter- 
lute minate No. Per Cent No. PerCent 
Cutler 
1938-1944 48 30 52 — —- 25 52 Radiation 
Harris e¢ 
Intrinsic only 50 43 56 — — 28 56 Radiation 
Lederman*! 
Stages II-III 200 68 44 — 23 12 64 32 Radiation 
Nielsen” 
Stage IIT 78 32 59 — 13 17 33 42 Radiation 
Sheline and Stone? 
Glottic only 43 34 69 — I 2 30 67 Radiation 
Cantril and 
Buschke 36 62 $2 = 5 13 14 38 Radiation 
Leroux-Robert 127 63 47 — Surgery+Radiation Surgery with Radia- 
and Ennuyer** 56:117 48 tion or Surgery 
Surgery Alone Alone 
4:10 40 
Total 
603127 47 
Jackson et al.” 257 37 49 64 128 49 = Surgery 
Wang and Radiation 58 
O’Donnell® 105 42 37 44 25 53 14 24 Surgery 47 


and the only patient who died of postsurgi- 
cal complications was the one who had 
been treated by two full series of irradia- 
tion. Leborgne** reports 10 survivors among 
Ig patients operated upon for radiation 
failure. In our own material (1938-1957) 
we have performed 14 laryngectomies fol- 
lowing irradiation in patients who would 
otherwise have been subjects for primary 
laryngectomy. Four are well more than five 
years; 5 are dead or survive with cancer; 5 
are living less than five years. Laryngec- 


tomy was done three to fifty-six months 
following irradiation. In this group there 
have been 4 pharyngeal-cutaneous fistulae 
appearing postoperatively; 3 have been 
closed and the patients are clinically free 
of disease; one operated upon late in 1957 
is not yet closed. From our experience we 
cannot state that the procedure is without 
risk, yet in an effort to preserve the larynx 
the end results in the entire group orig- 
inally suitable for laryngectomy have 
justified the risk. 
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CONCLUSION Weeks 2 2-4 4-6 68 8-10 10-12 Total 
Improvement in results by irradiation IS Treated 21 56 43 70 131 ~~ 82 
being demonstrated. The factors which Survival 4 13 15 36 49 20. 137 
most importantly influence this trend may ; 
be analyzed as: Approxi- 
1. Reserving for primary surgery tho ty 


patients with advanced endolaryngeal can- 
cer with cartilage invasion or necrosis asso- 
ciated with immobility and/or edema. In 
our experience this may well exclude from 
surgery those lesions which arise from the 
epiglottis, but will include those of true 
and false cord and ventricle when cartilage 
invasion can be demonstrated clinically or 
by roentgenographic examination. In those 
with immobility unassociated with edema, 
there remains the possibility of control by 
irradiation. This is the group in which care- 
ful observation following irradiation is re- 
quired to detect the necessity for laryngec- 
tomy. In this group also are those which in- 
volve the anterior commissure and invade 
the anterior subglottic angle of the thyroid 
cartilage. Frank subglottic cancers are, in 
general, preferably treated by primary 
laryngectomy, yet Baclesse, Leborgne and 
Lederman have reported survivals in this 
group. 

It has been shown that radiation therapy 
can provide an equal survival in an over- 
all group of patients surgically suitable 
only for laryngectomy. A reduction in the 
frequency of laryngectomy and an increase 
in the survival of the total numbers of pa- 
tients in this group can be achieved by a 
more judicious selection of patients both 
for primary surgery or irradiation. 

2. Technical factors in irradiation which 
can improve survival are those of greater 
attention to longer protraction to achieve a 
higher dose when this is required, a strict 
limitation of size of fields commensurate 
with the extent of disease and the close 
clinical observation of the patient. 

The factor of protraction is well demon- 
strated by reports of Baclesse‘ of five year 
results in all patients treated by roentgen 
therapy alone at the Fondation Curie 1919- 


1950. 


In general those patients with protraction 
beyond six weeks were the more extensive 
lesions. Protraction beyond six weeks is 
not in general required for limited lesions 
when small fields are used. 

The factor of dose, intimately related to 
the protraction, is also dependent on the de- 
gree of infiltration and extent of the growth, 
the presence of metastatic lymph nodes 
and the status of the laryngeal cartilages. 
In our own material we have used mid- 
laryngeal doses of 4,500-6,000 r in five to 
six weeks in the majority of the more lim- 
ited lesions; some have received 4,00c— 
4,500 r and have been controlled. In more 
advanced lesions the dose has only excep- 
tionally exceeded 6,500 r and with protrac- 
tion not exceeding seven to eight weeks. 
In retrospect I believe we would have con- 
trolled a larger number of the more ad- 
vanced forms by longer protraction and 
with elevation of dose in the range 6,000— 
7,500 r. This is the lesson to be observed in 
Baclesse’s results of irradiation in more ad- 
vanced stages. 

Can we expect improvements in results 
to follow the use of supervoltage roentgen 
rays or telecobalt? From a purely statisti- 
cal evaluation of patients treated at the 
University of California Hospital®® and 
from our own results, this would not appear 
to be an important factor (Tables v and 
v1). In the period 1938-1957 the majority 
of our cases have been treated with 200— 
250 kv., in general, reserving supervoltage 
irradiation (800—2,000 kv.) for the more ad- 
vanced lesions. Except for the preservation 
of a more normal skin and the theoretic ad- 
vantage of a lesser absorption of radiation 
in osseous cartilage with the higher energy, 
supervoltage irradiation is not essential. 
In the event of laryngectomy following ir- 
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TABLe V 


UNIVERSITY OF CALIFORNIA HOSPITAL, CARCINOMA VO- 
CAL CORD (1942-1952) FIVE YEAR RESULTS FOL- 
LOWING TREATMENT WITH 200, 400, or 1,000 


KV. PEAK 
200-400 kv 1,000 kv. 
* 
No, Well Five Well Five 
Years Years 
I 16 12 14 12 
II 19 14 24 1S 
Ill 9 2 10 3 
Total 44 28 48 30 
63% 63% 


* Staging following Lederman. 


radiation, the better preservation of skin 
and subcutaneous tissues may be of im- 
portance. More recently we have used tele- 
cobalt therapy at 25 cm. distance in all 
laryngeal cancer to take advantage of the 
physical factors of skin preservation and 
lesser absorption in cartilage. The higher 
energy radiation has permitted us to de- 
liver 5,000-7,000 r within metastatic lymph 
nodes encompassed within the laryngeal 
fields more easily than when 250 kv. was 
used. 

One of the important reactions which 
led Baclesse to longer protraction was the 
avoidance thereby of a skin reaction which 
limited the dose in depth. Although the 
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higher energy irradiation avoids this com- 
plication, it would not seem that the princi- 
ple of longer protraction for an elevated 
tumor dose can be ignored, since the reac- 
tion of deeper normal structures (mucous 
membranes, blood and lymphatic supply, 
cartilage) will occur with equal frequency 
from irradiation of whatever energy when 
given too rapidly. 

As longer experience with higher energy 
irradiation is achieved, I would believe 
that we will see an improvement in the 
treatment of more advanced disease but 
this factor alone will be of lesser importance 
than the others under consideration. 

3. The means now at our disposal to 
combat inflammation cannot be disre- 
garded as a most important adjunct to ir- 
radiation. The liberal use of antibiotics dur- 
ing irradiation in the presence of infection 
and/or edema and in postirradiation ne- 
crosis has been of more than supportive as- 
sistance in the outcome of some patients. 

4. We cannot leave this accounting of 
the factors which may improve our efforts 
without at least mentioning the most im- 
portant. This is the recruiting and ade- 
quate training of a larger number of radio- 
therapists. And as cancer of the larynx 
(along with cervix) is the disease from 
which radiation therapy took its origin and 
first demonstrated its potentialities, it is 
to be expected that the radiotherapist will 
in the course of his ever-developing experi- 


TaBLe VI 


TUMOR INSTITUTE OF SWEDISH HOSPITAL 


ROENTGEN THERAPY (1938-1952) 


800 kv 
Stage* 
No. Well Five Years No. Well Five Years 

I 3 2 

II II 7 one after laryngectomy 21 10 three after laryngectomy 

Ill 6 I 8 2 

IV — — 3 I 
Total 20 II 36 1S 


55% 


* Staging following Lederman. 
In general more advanced cases treated by supervoltage. 
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ence maintain an interest in laryngeal 
cancer. 

In closing it may appear of historic in- 
terest to recall the “Conclusions on cancer 
of the larynx” as left for posterity in his 
own handwriting by the pioneer Henri 
Coutard, reproduced here in the original 


(page 469). 


Tumor Institute of the Swedish Hospital 
1211 Marion Street 
Seattle, Washington 


APPENDIX 


CLASSIFICATION FOR CANCER OF THE LARYNX 
AS RECOMMENDED BY THE COMMITTEE ON 
TUMOR CLASSIFICATION OF THE INTER- 
NATIONAL CONGRESS OF RADIOLOGY, 1953*° 


For clinical purposes, it has seemed ap- 
propriate to include only those portions of 
the larynx which fall within the limits of 
the endolarynx (including the pre-epiglot- 
tic region). The upper border of the larynx 
is formed by the superior edges of the epi- 
glottis, the aryepiglottic folds, the aryte- 
noid region and the ary-arytenoid fold. The 
inferior limit of the larynx is at the level of 
the lower border of the cricoid cartilage. 


Anatomic Sites of Carcinoma of the Larynx 


Carcinoma of the supraglottis 
Carcinoma of the glottis (vocal cords) 
Carcinoma of the subglottis 

Carcinoma occurring in borderline areas. 


There are lesions which arise at or near the 
upper border of the larynx in which, on 
examination, it is impossible to state ac- 
curately whether the original lesion began 
within or without the larynx. Such lesions 
should be included with the pharyngeal 
carcinoma. 

Clinical Stages in Carcinoma of the Supra- 
glottis, Glottis and Subglottis: 


Stage I—Carcinoma limited to the mu- 
cous membrane. (Full mobility of the 
larynx retained. No lymph nodes palpable) 

Stage II]—Carcinoma infiltrating, but 
not extending beyond larynx. (Mobility of 
larynx impaired or lost. No lymph nodes 
palpable) 
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Stage I1I—Carcinoma extending beyond 
larynx or lymph nodes palpable but mov- 
able 

Stage I1V—lInvolvement of skin, or 
lymph nodes fixed, or distant metastases 
present 
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GLOMUS TUMORS, THEIR RESPONSE TO 
IRRADIATION* 


By ROBERT J. REEVES, M.D., and OWEN W. DOYLE, M.D. 


DURHAM, NORTH CAROLINA 


RIMARY tumors of the middle ear oc- 

cur rarely and are usually observed by 
the otologist. Occasionally, a case is severe 
enough to come under the observation of a 
neurosurgeon. 

The carotid body is of variable size. It 
may be from 4 to 8 mm. long and about 3 
mm. wide. Its location is not always con- 
stant; usually it lies at the bifurcation of 
the common carotid but may sometimes be 
found on the medial surface of the internal 
carotid. It has a definite capsule and is at- 
tached to the wall of either the internal or 
external carotid. It is usually homogeneous 
with a smooth grayish, red surface. The 
nutrient vessels are believed to come from 
the carotids. The nerve supply to the carot- 
id body is derived from the pharyngeal 
branch of the ninth nerve and the superior 
cervical sympathetic ganglia. Some inves- 
tigators believe there may be innervation 
from the vagal and hypoglossal nerves. 

The microscopic appearance in several 
respects resembles the structure of the ca- 
rotid body, hence the name glomus jugularis 
was proposed. Generally, these are found 
in the adventitia of the dome of the jugular 
bulb, immediately below the bony floor of 
the middle ear and near the ramus tym- 
panicus of the glossopharyngeal nerve. 
Usually there is but a single flattened ovoid 
glomus about 0.5 mm. in the larger di- 
ameter and about 0.25 mm. thick. Occa- 
sionally, two or more smaller bodies are 
present; sometimes one or all are in the 
canal that transmits the ramus tympanicus 
through the floor of the middle ear. Each 
glomus, wherever located, consists of blood 
vessels of capillary or precapillary caliber 
with numerous epithelioid cells between 
the vessels. 

As early as 1840, Valentine'® described a 


gangliolum tympanicum, associated with 
the tympanic branch of the ninth cervical 
nerve. Later in 1879, Krause’? showed that 
this structure resembles the carotid body 
and this has been confirmed by Guild*® and 
others.':!§ Guild described the anatomy of 
the carotid body in great detail. He ex- 
amined serial sections of human temporal 
bone and found small bodies in the ad- 
ventitia of the dome of the jugular bulb. 
These bodies bore a marked similarity to 
the carotid bodies at the bifurcations of 
the common carotid arteries. 

In 1945, Rosenwasser!’ performed sub- 
total removal of a tumor of the middle ear 
and was impressed by the resemblance of 
this tumor to the normal carotid body. 
Subsequently similar tumors were de- 
scribed by Lundgren,” Berg,* and others.*:8 

It is reported that the carotid body is 
rarely affected by general disease process, 
although not uncommonly it may be the 
site of tumor formation. These tumors are 
said to consist essentially of hyperplasia of 
the cell. There may be round cell and 
plasma cell infiltration accompanied by 
areas of degeneration and eventual inva- 
sion of bone. The tumors spread very 
slowly and metastasize quite rarely. Most 
of them are considered to be benign. Unless 
tumor cells can be demonstrated invading 
the tumor capsule or vessel walls, it is very 
difficult, if not impossible, to make a diag- 
nosis of malignancy. Possibly not more 
than 15 per cent of the cases reported were 
malignant. Of these, some had tumors 
which have been described as several centi- 
meters in size. 

Of the many reports in the medical lit- 
erature concerning the effects of roentgen 
therapy on carotid body-like tumors, very 
few expressed optimism. Bevan and Mc- 
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Carthy‘ and Lahey and Warren" reported 
beneficial results from irradiation. Roent- 
gen therapy was also employed on a pa- 
tient by Alexander and Adams! in 1951 
after surgical intervention. 

During the last few years several reports 
have appeared from English authors.®:*" 
Land™ in 1952 described a case in detail. 
Postoperatively, he administered a 4,600 r 
tumor dose in about six weeks. Examina- 
tion three months after therapy still 
showed granulations in the outer ear. The 
patient was lost to tollow-up. 

Efron,’ from South Africa, reported a 
case of granulomatous tumor of the glomus 
which received a tumor dose of approxi- 
mately 5,000 r. Headache and tinnitus im- 
proved but little change was noted in physi- 
cal signs. 

Williams,”” of St. Bartholomew’s Hos- 
pital, reported a series of 12 cases over a 
number of years treated by roentgen irradi- 
ation. He considered these tumors as slow 
growing, locally invasive and slow to 
metastasize. He used 1 mev. therapy (half- 
value layer of 10 mm. Cu) in most in- 
stances. Small fields were employed and a 
dose of 4,000 to 5,000 r was delivered in 
twenty-eight to forty days. Two patients 
had recurrence at two and four years. Due 
to the fact that the percentage of malig- 
nancy is naturally low, the results pub- 
lished in the literature may be questioned. 

In the following, 4 cases are reported in 
which various pathologic opinions were 
rendered. 


REPORT OF CASES 


Case 1. O.B., a thirty-one year old white 
male farmer, was admitted to Duke Hospital 
on July 20, 1950, because of a growth in his 
right ear of one year’s duration. This growth 
had been gradually enlarging until it completely 
obstructed the external auditory canal. The pa- 
tient complained of steady aching in the right 
ear which was increasing in severity. There were 
two episodes of bleeding from the ear prior to 
admission. A weakness of the right side of his 
face had gradually progressed in the last year. 

Physical examination showed a 1 cm. mass 
obstructing the external auditory canal. Hear- 
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ing in the right ear was greatly diminished. 
Neurologic examination showed only facial 
weakness on the right side. 

Roentgenograms of the right mastoid showed 
a destructive process involving the mastoid 
and the eighth nerve canal with irregularity of 
the petrous ridge. There was widening of the 
foramen lacerum. 

On July 20, 1950, the right mastoid was ex- 
plored. Pus was found immediately upon break- 
ing through the cortex of the mastoid antrum. 
The mass found in the external auditory canal 
was excised. The pathologic diagnosis was tu- 
mor of the glomus jugularis. 

A tumor dose of 1,400 r was given to an an- 
terior petrous field and 1,500 r to a posterior 
petrous field, by using roentgen rays. 

This patient did not return for follow-up 
examination but a letter dated September 20, 
1956, was received from the patient’s mother, 
indicating that he was getting along very well 
and working. His weight at this time was 170 
pounds. No further treatment had been given 
in the interim. 


Case ut. C.B., a sixty-four year old white 
male, was admitted to Duke Hospital on 
December 13, 1954, with a history of deafness 
of the right ear for a period of ten years. Lately 
he had noticed marked dizziness which appar- 
ently was true vertigo. He was seen by an 
otolaryngologist prior to admission, who re- 
ported a total hearing loss of the right ear and 
a 45 per cent loss of the left ear. 

Neurologic examination was negative except 
for the hearing loss on the right side and an un- 
steady gait. Roentgenograms of the mastoid 
showed evidence of bone destruction about the 
inferior aspect of the right petrous bone in the 
area of the jugular bulb. The mastoid and tem- 
poromandibular joint region was cloudy. There 
was questionable involvement of the internal 
auditory meatus. The roentgen signs were 
thought to be compatible with a glomus jugu- 
laris tumor. 

At surgical exploration the seventh and 
eighth nerves were markedly compressed and 
displaced posteriorly and superiorly. A nodular 
mass about the internal auditory meatus pro- 
jected into the posterior fossa for a distance of 
1 cm. The dura about this region was extremely 
vascular. The mass encroached inferiorly to- 
ward the ninth and tenth nerves although they 
did not seem to be involved. No attempt was 
made to remove or biopsy this tumor because 
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of its extensive vascularity. The surgeon felt 
that this was a tumor of the glomus jugularis. 
Roentgen therapy was begun but the pa- 
tient elected to complete his treatments in his 
home town. He was seen two months after ir- 
radiation at which time neurologic examina- 
tion was negative except for the deafness of the 
right ear and vertigo. Three years later his wife 
reported that he was in good condition. 


Case 1. F.J., a sixty-six year old Negro fe- 
male, was admitted to Duke Hospital on Sep- 
tember 23, 1952, with a painful discharge from 
her right ear and a history of progressive hearing 
loss of six months’ duration. 

Examination of the right external canal 
showed a fixed, firm papillary growth filling the 
canal. Bone conduction was better than air 
conduction on the right side. 

Roentgenograms of the mastoids showed no 
destruction. Surgical exploration on October 29, 
1952, revealed a vascular growth arising from 
the glomus jugularis. The tumor mass could not 
be completely excised. The pathologic diagnosis 
was nonchromaffin paragranuloma arising from 
the glomus jugularis. 

Roentgen therapy was started on November 
7, 1952, to two lateral fields 6X8 cm. about 
the ear. On November 17, 1952, 1,500 r and 

1,750 r had been given, using 200 kv., 18 ma., 
target-skin distance 50 cm., and 1 mm. Cu 
filter. 

Examination a month later showed sugges- 
tive evidence of residual tumor, so an additional 
1,800 r dose was given to the same area. Fol- 
low-up examination ten months after the second 
course of roentgen therapy showed the ear to 
be clear with no evidence of recurrence. 


Case tv. G.G.M., a forty-five year old white 
male, had a small growth removed from his 
right external auditory canal two years prior to 
admission. He did not know the nature of this 
lesion, but a serous drainage had cleared up 
after surgery. Two months before admission 
his right ear began to drain again and he ex- 
perienced pain behind his right eye. He also 
complained of difficulty in moving the right 
side of his tongue. 

Physical examination showed an epithelial 
growth occupying the inner half of the external 
auditory canal. Bone conduction was better 
than air conduction on the right side. The op- 
posite was true on the left side. There was 
edema about the right eustachian tube. A 
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beginning seventh nerve paresis and aadefinite 
twelfth nerve paresis were noted on the right 
side. The palate deviated slightly to the left. 

Roentgenograms of the skull revealed de- 
struction of the anterior canal wall establishing 
a common cavity with the right temporoman- 
dibular joint. The petrous bone was destroyed 
anteriorly and posteriorly. 

On July 25, 1956, exploration showed the 
tumor mass to be firmly attached to the medial 
wall of the middle ear. Excision was completed 
with moderate bleeding. The pathologic diag- 
nosis was malignant tumor of the glomus 
jugularis. 

Roentgen therapy was given using two fields 
for a tumor dose of 3,500 r over a four week 
period. The treatment factors were: 200 kv., 
18 ma., 2 mm. Cu. filter, target-skin distance 
so cm. and fields of 7X9 cm. size. 

A clinic visit on October 19, 1956, two months 
after completion of the therapy, showed the 
pulsating discharge from the right ear to be 
subsiding. Roentgenograms at this time showed 
no significant change and no evidence of bone 
fill-in. 

SUMMARY 


Glomus tumor is usually slow growing, 
locally invasive and the malignant aspects 
are moderately influenced by irradiation. 
The sex ratio is predominantly female, 
Capps® giving a 5:1 ratio. The fact that 
most of these tumors are questionably ma- 
lignant makes the evaluation of roentgen 
therapy most difficult. 


Robert J. Reeves, M.D. 
Depeartment of Radiology 
Duke University 

Durham, North Carolina 
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THE RAPID PALLIATIVE TREATMENT OF 
BREAST CARCINOMA* 


A PRELIMINARY REPORT 


By DONALD Q. COCHRAN, M.D., SUMNER HOLTZ, M.D., and 
WILLIAM E. POWERS, M.D. 


ST. LOUIS, MISSOURI 


IME and morbidity have been the 

main arguments against palliative 
radiation therapy for carcinoma of the 
breast. By using megavoltage technique 
we have overcome these two objections. In 
addition there is now evidence in the litera- 
ture that fractionation and_protraction 
may not be as advantageous as previously 
thought.*4 

The ability of irradiation to inhibit or 
destroy primary breast cancer and its re- 
gional lymph node metastases is well estab- 
lished. Clinical and histologic evidence is 
available demonstrating that this can be 
Microscopic studies fol- 
lowing irradiation have shown definite cell 
death in some cases and evidence of pro- 
found histologic changes in others.’ Other 
series have shown clinical evidence of the 
effectiveness of irradiation. One of the 
largest and best known of these is that of 
McWhirter,’ who, using simple mastectomy 
and postoperative tumor doses of 3,750 r 
in three weeks, has achieved only slightly 
lower over-all five and ten year survival 
rates than Haagensen® has obtained with 
radical surgery in selected cases. 

Citing early experiments in which large 
doses over prolonged periods of time failed 
to cure and in many cases even failed to in- 
hibit tumor growth,’ there have been many 
who have advocated surgery for palliation 
in “incurable” cases. In many instances 
radical mastectomies have been performed 
to prevent necrosis and ulceration of the 
primary tumor and of the metastatic axil- 
lary lymph nodes. The arguments have 
been that if palliative radiation therapy re- 
quires three weeks to administer and is fol- 
lowed by prolonged morbidity, perhaps a 
simple or even a radical mastectomy is less 


* From the Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 
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of an undertaking. If one is to accept the 
premise that irradiation requires several 
weeks to complete, during which time the 
patient may become both physically and 
emotionally exhausted, these arguments 
may be valid. Williams,’® however, feels 
that radiation therapy in advanced breast 
lesions yields better results for local control 
than radical mastectomy, and it has been 
shown by Haagensen® that i in “inoperable” 
breast carcinomas surgical intervention 

may actually hasten skin and generalized 
metastases. 

Hormone therapy may offer some con- 
trol of the local lesions and lymphatic 
spread, but it appears to be considerably 
less effective than irradiation. Chu e¢ al.” 
demonstrated a marked superiority of ir- 
radiation as compared with hormones in 
local control of lesions and they found that 
the use of hormones did not appear to im- 
prove the results in patients primarily 
treated by irradiation in regard to local 
control. 

The importance of time dose relationship 
is receiving increased attention. Lenz,’ in 
1946, found that doses up to 4,500 r in six 
to eight weeks failed to produce histologic 
evidence of cell death. Baclesse,! however, 
showed that 5,000 r to 8,000 r over three to 
four months produced histologic cell death 
in 20 per cent of cases and questionable 
death in an additional 15 per cent. Lumb’ 
reported that 3,500 r in thirty-five days 
produced definite alteration of the histo- 
logic pattern of the tumor cells, and he be- 
lieved that doses of this order should steri- 
lize breast tumors. 

Cohen,’ in a study of dosages and re- 
sults, concluded that the median curative 
single dose for breast cancer is 1,250 r 
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which is considerably less than generally 
published doses for epidermoid carcinoma. 
He found that the ‘“‘recovery exponent”’ for 
breast cancer is almost identical with that 
for skin, and since breast cancer has a 
greater recovery rate than epidermoid can- 
cer, nothing is gained by prolonged frac- 
tionation. To be effective he felt that the 
minimum tumor dose must not be less than 
go per cent of the skin dose, and to obtain 
this homogeneity, high voltage radiation 
is necessary. By substituting his single 
curative dose of 1,250 r in the formula 
D=ET* where E is the single curative 
dose, 7 the “‘recovery exponent,” D the 
total dose for more than one treatment and 
T the number of treatments, the calculated 
dose for two treatments is 1,580 r. Fried- 
man and Pearlman,’ in a study of various 
dosages on recurrent skin nodules from 
breast cancer, constructed a curve similar 
to Strandqvist’s curve for skin cancer. 
Their minimum observed single tumor 
lethal doses varied from 1,800 r to 3,000 r 
with 2,200 r as the average. From their 
curve it appears that the two day dose falls 
slightly below 2,500 r. Above the curve 
only 10 per cent of the nodules failed to dis- 
appear. It appears that doses of the order 
of 2,500 r in two days should be adequate 
for both the primary tumor and its meta- 
static nodes and since the slope of the re- 
covery curve practically coincides with that 
for skin, no theoretic advantage occurs 
from fractionation or protraction. 

We began our series in 1956. So far all 
cases have been inoperable patients, nearly 
all of whom either had distant metastases 
or advanced primary lesions and fixed re- 
gional lymph nodes when first seen. With 
the exception of biopsy confirmation of the 
primary lesion or lymph node metastases, 
none of these patients had any surgical 
treatment of the primary tumor or meta- 
static lymph nodes. 

Our technique has remained relatively 
constant throughout this period of time, 
although the doses delivered are now con- 
siderably higher than initially. All patients 
were treated with the betatron which pro- 
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duced 22.5 mev. (max.) energy roentgen 
rays. The primary lesions were irradiated 
through opposing medial and lateral tan- 
gential ports which included the breast, 
chest wall, and a varying portion of the 
underlying lung. The medial port was di- 
rected from the contralateral border of the 
sternum in such fashion as to emerge at the 
posterior axillary line; the lateral tangential 
port was set along this line in the opposite 
direction. We feel that these ports were 
adequate to include the entire breast and 
the underlying chest wall. The supracla- 
vicular, infraclavicular, and axillary lymph 
node areas were treated by directly oppos- 
ing anterior and posterior ports which 
joined the upper edges of the tangential 
ports. The largest port size on our betatron 
is 15 X15 cm. and this has been adequate 
for all ports in all cases. Occasionally, we 
have been able to use 12X15 cm. ports on 
smaller patients. The internal mammary 
lymphatic chains were purposely avoided 
on the tangential fields, since too great a 
volume of lung would have been irradiated. 
In cases where there was a need or desire to 
treat this area, a separate anterior port was 
added. 

Due to the high energy of the radiation, 
bolus material was used to bring the level of 
maximum electron density toward the skin. 
For this we used 2 cm. of beeswax in the 
end of the cone and, where possible, ap- 
proximated the breast to the wax. The 
bolus was used on both tangential ports 
and on the anterior supraclavicular and 
axillary (nodal) ports. It was not used on 
the corresponding posterior port because 
of the depth of the lymph nodes. Although 
electronic equilibrium is reached at 4 cm. 
below the surface in tissue equivalent ma- 
terial with 22.5 mev. roentgen rays, 2 cm. 
of bolus material brings about go per cent 
of the maximum dose near the skin surface. 

In all cases, the entire treatment to the 
breast was delivered in two consecutive 
days followed by irradiation of the lymph 
node areas on the succeeding two consecu- 
tive days. Our initial tumor doses to both 
the breast and lymph node areas were 1,250 
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r. After the early cases, the doses were in- 
creased and we now deliver a 2,500 r tumor 
dose. With the exception of a moderate dry 
desquamation of the skin which invariably 
cleared within the first month, there were 
no significant complications. 

It is of interest that following the four 
day course of betatron therapy, several pa- 
tients received air doses of 3,750 r (250 kv. 
constant potential, half-value layer 3.75 
mm. Cu) to sternal ports over three week 
periods. The skin reactions over the latter 
ports were considerably more severe and 
prolonged than over those areas treated 
with the betatron (Fig. 7). No arm edema 
developed in any of these patients during 
the series, and there was no definite in- 
crease in patients with edema prior to ther- 
apy. 

Four of the patients developed definite 
roentgenographic evidence of pulmonary 
fibrosis following betatron therapy. The 
remaining patients either have had no post- 
therapy roentgenograms or have not been 
followed for a sufficient length of time. In 
all cases the fibrosis has been predom- 
inantly in the apex of the lung, and has 
not produced symptoms. 

The series treated includes 17 patients. 
Two have been lost to follow-up. Eight who 
are known to have died had distant metas- 
tases prior to therapy. Seven are alive at 
the time of this report. In all patients fol- 
lowed, with the exception of one who was 
pregnant at the onset of her disease, the 
local control of the lesion has been excel- 
lent. In every instance the primary tumor 
and the metastatic axillary and supra- 
clavicular lymph nodes either definitely re- 
gressed or completely disappeared. Skin 
ulceration invariably healed and re-epi- 
thelized and skin edema diminished in all 
cases. In several patients subsequently dy- 
ing of generalized metastatic disease, the 
breast and regional lymph nodes remained 
clinically negative and in none of the cases 
has local recurrence occurred. About two- 
thirds of the patients had castration and/or 
hormone therapy in addition to irradiation. 
However, this probably did not contribute 
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significantly to local regression of the tu- 
mors since the distant metastases were 
either static or progressing. 

The following are four case reports dem- 
onstrating the response we have observed. 


REPORT OF CASES 


Case 1 (Fig. 1, 2, and 3). F.H., a forty-seven 
year old white female, had noted a gradually 
increasing mass in her right breast for two years. 
When first seen in January, 1957, there was a 
10X15 cm. fungating, ulcerated mass involving 
the entire outer half of the breast. Multiple skin 
metastases were present and there were pal- 
pable axillary and supraclavicular lymph nodes. 
A chest roentgenogram showed multiple pul- 
monary metastases and a biopsy of the breast 
was positive for carcinoma. On January 31, 
1957 she began a four day course of therapy 
with 1,740 r tumor dose delivered to the breast 
and 1,840 r tumor dose to the lymph node area. 
Because she was premenopausal, the ovaries 
were irradiated to induce artificial menopause. 

When seen one month later, the ulcer had 


Fic. 1. Case 1. January 31, 1957. Right breast 
prior to initial treatment. 
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Fic. 2. Case 1. May 7, 1957. Right breast 
one month after retreatment. 


almost healed and only minimal epidermitis was 
present. Two months after therapy she returned 
with further decrease in the size of the mass, 
but in view of the fact that it had not disap- 
peared, it was elected to retreat the primary 
breast lesion. On April 8 and 9, 1957 a 1,760 r 
tumor dose was delivered through tangential 
ports. Following this second course of therapy 
there was evidence of further regression and 
again the skin changes were minimal. On May 
27, 1957 she was started on fluoxymesterone* 
(5 mg. b.i.d.) and has remained on it to date. 
On her last follow-up visit fifteen months after 
the initial therapy, the primary lesion was well 
controlled. Roentgenographic evidence of pul- 
monary fibrosis is present in the right upper 
lobe but the patient is asymptomatic. 


Case 1. R.K., a fifty-five year old white 
female, first noted a lump in her right breast in 
October, 1956. When first seen in January, 
1957, there was an 8 X10 cm. mass in the upper 
outer quadrant of the breast with nipple re- 
traction and skin fixation. Matted lymph nodes 


* Trade name Halotestin. 
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were palpable in the axilla, and pulmonary 
metastases were seen on the chest roentgeno- 
gram. Biopsy of the breast was positive for 
carcinoma. On January 15, 1957, she began a 
four day course of therapy with 1,566 r tumor 
dose delivered to the breast and 1,629 r tumor 
dose to the lymph node area. Although she was 
fourteen years postmenopausal, a_ bilateral 
oophorectomy was done and at laparotomy 
multiple hepatic metastases were found. 
Following therapy there was definite regres- 
sion both of the primary tumor and of the 
metastatic axillary lymph nodes. The patient 
expired eight months after therapy and at the 
time of her death no clinical evidence of tumor 
was found in the breast or regional lymph nodes, 
although she had massive hepatic metastases. 


Case ut (Fig. 4 and 5). F.M., a fifty-three 
year old white female, first noted a lesion in 
her right breast in April, 1957. When first seen 
six months later there was a 5X8 cm. mass in 
the upper outer quadrant of the breast with 
overlying skin edema and ulceration. Palpable 
lymph nodes were present in the axilla and 
supraclavicular region and a chest roentgeno- 


Fic. 3. Case 1. January 29, 1958. Right breast 
one year after initial treatment. 
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gram showed bilateral pulmonary metastases. 
Biopsy of the primary lesion was positive for 
carcinoma. On October 16, 1957 she began a 
two day course of therapy to the breast receiv- 
ing a tumor dose of 2,014 r through tangential 
ports. At the patient’s request the supraclavicu- 
lar area was not treated, but since she was 
premenopausal, the ovaries were irradiated to 
induce artificial menopause. Three months after 
the initial therapy she returned with larger 
lymph nodes in the supraclavicular region. The 
breast mass was found to have decreased con- 
siderably, and the ulceration had completely 
healed. In view of the excellent clinical response 
of the primary lesion, it was elected to treat 
the supraclavicular area, and on January 14 
and 15, 1958 a tumor dose of 1,800 r was de- 
livered. On follow-up visits up to seven months 
after the initial course of therapy the lymph 
nodes and the primary lesion remained healed 
and the patient was asymptomatic. 


Case tv (Fig. 6 and 7). P.C., a seventy year 
old white female, had noted inversion of the 
left nipple for two years. When first seen in 
February, 1958, the left breast was almost 
twice as large as the right and there was a § cm. 
mass with retraction of the nipple and edema 
of the dermal lymphatics. Metastases to the 
lymph nodes were present in both the axillary 
and supraclavicular areas and biopsy of one of 
the latter was positive for carcinoma. Beginning 
on March 3, 1958, she was given 2,500 r tumor 
doses to the breast and the metastatic lymph 


Fic. 4. Case 11. October 10, 1957. 
Right breast prior to treatment. 
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Fic. 5. Case 111. January 14, 1958. Right breast three 
months after treatment. 


node areas in four days following which 3,750 r 
(in air) was given to the sternal area in twenty- 
one days. 

There was rapid regression of the primary 
tumor and metastatic lymph nodes and one 
month following therapy the breast was almost 
normal in size. No masses or enlarged lymph 
nodes could be felt, although the nipple re- 
mained inverted. The skin reaction over the 
breast and lymph node areas was minimal, 


Fic. 6. Case 1v. March 3, 1958. Left 
breast prior to treatment. 
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Fic. 7. Case iv. April 23, 1958. Six weeks after rapid 
treatment of left breast and four weeks after com- 
pletion of internal mammary port treatment. The 
left breast was found to further decrease in size at 
subsequent follow-up examinations. 


while the sternal port exhibited a moderate 
moist desquamation. After three months the 
breast and lymph nodes remained clinically 
negative. 


SUMMARY 


A method of rapid palliative treatment 
for carcinoma of the breast and lymph node 
bearing areas is presented. With this 
method excellent palliation and local con- 
trol have been obtained without any sig- 
nificant complications or morbidity. Al- 
though this rapid method is not suggested 
as a form of therapy for curable lesions, ref- 
erence is made to the theoretic advantages 
this might have. 

The present series is far too small to draw 
any statistical conclusions. However, the 
morbidity and complications are definitely 
less with this method of treatment than 
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with palliative surgery or prolonged radia- 
tion therapy. Because of the encouraging 
results, the method is now used for treating 
less advanced breast carcinomas. 


Donald Q. Cochran, M.D. 

Mallinckrodt Institute of Radiology 
Washington University School of Medicine 
St. Louis, Missouri 
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THE MODIFICATION OF THE 
RADIATION RESPONSE* 


By J. ROBERT ANDREWS, M.D., 


D.Sc.(Med.),f and STANLEY E. SNEIDER, M.D. 


BETHESDA, MARYLAND 


HERE is, at present, no generally ac- 

ceptable evidence that the auxiliary 
use of any physical, chemical, or biologic 
agent in combination with ionizing radia- 
tions results in synergistic cancerocidal ef- 
fects in the treatment of human cancer. 
Numerous clinical studies on the use of 
these other agents in combination with 
ionizing radiations have been reported and 
some claims of therapeutic advantage have 
been advanced. Many of these clinical 
studies are summarized in the review by 
Bane, Conrad, and Tarnowski.® In evaluat- 
ing therapeutic claims, distinction must be 
made between that which clearly represents 
opinion only and that which can be vali- 
dated when submitted to critical analysis 
of effectiveness. Despite the expenditure 
of this considerable clinical effort, the ini- 
tial assertion is valid when these studies are 
evaluated by criteria of (1) understanding 
the mechanisms involved in the radiation 
response, (2) understanding the pharmacol- 
ogy of the drugs by which modification of 
this response is attempted, and (3) experi- 
mental design and statistical significance. 
The purpose of this paper is to attempt to 
enunciate general principles for the study 
of the modification of the radiation re- 
sponse. 

Fundamental to any consideration of 
modification is an exact understanding of 
what precisely is being sought. For this 
reason, it seems appropriate to — 
some definitions of what, specifically, 
meant by modification in the context in 
which this term is used. The term, modi- 
fication, is taken to mean either one of the 
following: 

Synergism: Response greater by com- 
bination treatment than could be predicted 


or expected from full doses of the individ- 
ual agents used alone or equal or greater 
response by combination treatment with 
reduced dosage requirements. Responses in 
this general category are also given the 
names, considered synonymous here, of 
potentiation, sensitization, and augmenta- 
tion.* 

Antienergism: Diminished response by 
combination treatment. This response is 
also given the names antagonism and pro- 
tection. 

Supplementary effects: The use of other 
agents in combination with radiation ther- 
apy may be accompanied by clinically use- 
ful supplementary effects. A typical ex- 
ample of this is the use of alkylating agents 
for the control of the constitutional symp- 
toms of Hodgkin’s disease simultaneous 
with the use of ionizing radiations for the 
local control of large masses. While not 
specifically a modification of the radiation 
response per se as defined above, still the 
total subject-response may be modified and 
for this reason supplementary effects are 
considered in a general nonspecific category 
of modification. 

The problem of modification of the radi- 
ation response in human cancer therapy is 
additionally complex because one is never 
concerned with a single response, such as 
the cancerocidal effect, but always with an 
interrelationship of responses, the total 
host-tumor response. In addition to the 
simple definition proposed above, it is to be 
remembered that a conceptual considera- 
tion of possibilities for modification of the 
radiation response must account not only 
for the cancerocidal effect of itself and pos- 


* A review of problems of synergy in the treatment of infec- 
tions and cancer is contained in the discussions of Goodwin.” 


* Radiation Branch, National Cancer Institute, National Institutes of Health, Public Health Service, Department of Health, 
Education, and Welfare, Bethesda, Maryland. Presented at the Fortieth Annual Meeting of the American Radium Society, Hollywood, 


Florida, March 27-29, 1958. 
+ Chief, Radiation Branch, National Cancer Institute. 
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sibilities for synergistic or antienergistic 
cancerocidal effects but must account also 
for the radiation effects on normal envelop- 
ing, supporting, sustaining, and homeo- 
static tissues and whether or not modifica- 
tion is in the same or opposite directions in 
these normal tissues. There is no present 
evidence of a unique biochemical charac- 
terization or metabolic pattern of cancer. 
The response, then, of the host and tumor 
to other agents is, in its lack of specificity, 
somewhat like the response to ionizing 
radiations. In the case of the latter we deal 
with the phenomenon of radiosensitivity 
and this, conceptually, is not dissimilar 
from the various responses of different 
metabolic systems, tissues, or organs to an- 
ticancer drugs. When, therefore, it appears 
that superior clinical results are being ef- 
fected by combined treatments, what prob- 
ably is occurring is simply a general eleva- 
tion of the treatment level with supple- 
mentary effects but without either true 
synergism or antienergism. As_ aptly 
pointed out by Goldin and Mantel,!* this 
aspect of combination treatment may not 
generally be appreciated since therapy 
in combination will seem more effective 
than agents used separately because of this 
general elevation of the treatment level. 
This aspect of the problem could, conceiv- 
ably, account for some of the claims for 
beneficial effects of combination treatment 
cited in the literature. 
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Having defined what is meant by modifi- 
cation in the context in which the term is 
used, it is necessary in the further develop- 
ment of possibilities for modification of the 
radiation response to characterize the 
mechanism or mechanisms concerned in 
this response. This response is an interac- 
tion between ionizing radiations and _ bio- 
logic material resulting in a complex of 
both partly and poorly understood phe- 
nomena. The irradiated biologic material 
concerned is, of course, the human host 
and its neoplastic disease. The latter re- 
mains largely enigmatic save for what is 
known of classic static histopathology and 
of gross behavior, since the consideration of 
the dynamics of the origin, nature, and be- 
havior of cancer is largely a matter of con- 
temporary research. As the result, clinical 
therapeutics, whether with ionizing radia- 
tions, anticancer drugs, or combinations of 
these, is severely handicapped by the in- 
adequacy of the knowledge of these dy- 
namics. In respect to the ionizing radia- 
tions, the phenomenon chiefly characteriz- 
ing them in relation to the biologic response 
is that of linear energy transfer which varies 
with both the energy and the character of 
the ionizing radiations and of which, pre- 
sumably, the oxygen dependency of a given 
biologic response is a function. 

Step-wise, then, beginning with the ir- 
radiated biologic material and the ionizing 
radiations, the interactions between them 
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leading to what is called the radiation 
response may be thought of as a sequence of 
events which includes at least those shown 
diagrammatically in Table 1. 

Opportunities for modification may exist 
in the sense of what could be called precon- 
ditioning of the biologic material. Modifica- 
tion of this sort is attempted in nondefini- 
tive ways in clinical cancer radiation ther- 
apy by efforts devoted to improving the 
nutritional status, the elimination of infec- 
tion, and to improving the whole general 
clinical condition. In a definitive way, mod- 
ification in the sense of preconditioning has 
been effected in our laboratories by Smith”? 
by the administration of a colchicine deriv- 
ative (trimethyl colchicinic acid methyl 
ether d-tartrate) to mice prior to total body 
irradiation. The lethality of the total body 
irradiation is diminished by this precondi- 
tioning as shown in Table 1. 

An oxygen-dependency response-factor 
exists for radiations having relatively low 
linear energy transfer (LET) as compared 
with those radiations having a relatively 
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TABLe II 


EXPERIMENTS SHOWING THE SURVIVAL OF MICE GIVEN 
AN INTRAPERITONEAL INJECTION OF I MG, OF 
TRIMETHYL COLCHICINIC ACID METHYL ETHER 

D-TARTRATE TWENTY-FOUR HOURS PRIOR 
TO IRRADIATION 


Per Cent Surviving 


No. per (28 days) 
r Group 
Control Treated 

goo 40° 70 98 

950 25 75 
1,100 15 fo) 80 
1,100 20 ° 45 
1, 100* 16 ° 56 


*o.5 mg. of the colchicine derivative. 


high linear energy transfer.'* In the first 
category are roentgen and gamma radia- 
tions in the energy ranges which are pres- 
ently used in clinical cancer therapy. In the 
latter are particulate ionizing radiations. 
These oxygen-dependency response-factors 
are shown in Table 111. The precise mecha- 
nisms involved are still not elucidated and 


Oxygen Effect Ratio 


LET 
Biologic Response Radiation (approx.) (dose required O present) 
kev./p 
(dose required absent) 
Abnormal anaphase in ascites tu- roentgen rays (190 kv.) 3 0.27 
mor (Conger)* neutrons (3.5 mev. mean) 15 0.77 
Growth restraint of microorganisms roentgen rays (190 kv.) 3 0.33 
(Howard-Flanders and Alper)t neutrons (4.0 mev. mean) 15 0.71 
Plant chromosome aberrations roentgen rays 3 0.40 
(Thoday and Read) tf alpha particles (radon) 110 0.77 
Enzyme inactivation (Alexander)§ gamma rays (Co) 0.3 0.62 
alpha particles (polonium) 110 1.0 


Taken from: 


* Concer, A. D. Influence of oxygen on response of ascites tumor cells to x-rays and neutrons. Brit. 7. Radiol., 1953, 26, 642. 

+t Howarp-Fianpers, P., and Atper, T. Radiosensitivity of microorganisms. Rad. Res., 1957, 7, 518. 

¢ Tuopay, J. M., and Reap, J. Effect of oxygen on frequency of chromosome aberrations produced by alpha rays. Nature, 1949, 
163, 133. 

§ ALExanpeR, P. Inactivation of trypsin. Rad. Res., 1957, 6, 653. 

These are representative data but it is not to be assumed that they are generally applicable to other biologic responses. They are 
shown only to indicate a trend. 
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much work needs to be done on the effects 
of particulate ionizing radiations on experi- 
mental tumors for it may be that modifying 
influences will be observed due to different 
energy transfer processes related to the 
characteristics of the radiations themselves. 

The physical processes of Step No. 7 in 
the sequence diagram shown in Table 1 
which result in the transfer of energy from 
the ionizing radiations to the irradiated 
material, which is called absorption, are 
well known. There would appear to be no 
possibility of introducing any modifying 
factors into this step. It is possible, how- 
ever, to control both the site at which en- 
ergy transfer takes place and the relative 
amount of energy transferred. This is ac- 
complished in external beam irradiation by 
the selection of beam characteristics and 
by the orientation of single or multiple 
beams appropriate to the therapeutic re- 
quirements. This concept was inherent in 
the work of Farr and his associates! who 
introduced through physiologic means neu- 
tron capture materials into critical tissues, 
the zone of critical tissue then being 
subjected to neutron irradiation. From a 
very broad point of view the physiologic 
concentration of certain radioisotopes, such 
as the localization of radioactive iodine in 
the thyroid gland; the interstitial deposi- 
tion of radioactive sources; and the intra- 
cavitary injection of semi-diffusible radio- 
active substances, must be looked upon as 
means for controlling both the site and rela- 
tive amount of energy transfer. 

The degree of radiation response, other 
things being equal, is also a function of the 
rate of energy transfer. The rate of energy 
transfer is, in turn, a function of dose, ir- 
radiation time, and to a lesser extent of 
fractionation. Whether or not the character 
of the radiation response is also a function 
of the rate of energy transfer has been the 
subject of study almost continuously since 
ionizing radiations were discovered and 
first applied to the treatment of human 
cancer for, if so, alteration of the rate of 
energy transfer would provide a potential 
means of modification. As new treatment 
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methods were tried and as claims were ad- 
vanced for the superiority of one method 
over another, names were attached to these 
various methods and they are remembered 
historically as milestones in the evolution 
of modern concepts of radiation therapy. 
Among these are the massive single dose 
technique of Seitz and Wintz,?’ the small 
dose fractionation of Schwartz” the satura- 
tion method of Pfahler™ and Kingery, and 
the fractionation-protraction method of 
Coutard.!° These methods represent, es- 
sentially, means of varying the rate of 
energy transfer and nothing more. Strand- 
qvist’s*® studies of the dose and time re- 
lationship, again essentially the rate of 
energy transfer, resulted in a mathematical 
concept of this relationship, which indi- 
cates that within limits a given biologic 
response will result from any rate of energy 
transfer provided the total dose is adjusted 
appropriately. This concept has been de- 
veloped further by Andrews.?** There is, 
however, no convincing clinical evidence 
that variations in the rate of energy trans- 
ferred will result in differential tumor and 
normal tissue effects when the simultane- 
ous rate of transfer to different tissues of 
the same organism is, as must be the case 
in clinical radiation therapy, nearly the 
same. In other words, it probably cannot 
be expected that any clinically significant 
modification of the radiation response in 
respect to these differential effects will re- 
sult from manipulation of dose and time 
relationships. 

Step No. 2, ionization and excitation, of 
the sequence of events in the radiation re- 
sponse is looked upon as the primary physi- 
cal phenomenon inherent in the nature of 
the interactions of ionizing radiations. As 
such this step is not subject to modifica- 
tion except insofar as the distribution in 
space (linear energy transfer) is related to 
the nature of the ionizing radiations, as 
mentioned above. 

Step No. 3, the decomposition of water 
by ionizing radiations, is the primary radio- 
chemical event. The reactive radicals and 
H.O, formed during this phase of the radia 
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tion response are essential to the continu- 
ance of the sequence of events in the total 
response. If, however, these substances are 
caused to recombine or to interact with 
competing agents instead of with critical 
biologic materials, the sequence of events 
would be interrupted. Such a phenomenon 
would be clearly an antienergistic effect, as 
defined above, and in this context this effect 
is given the name protection. The protec- 
tive power of a substance in aqueous solu- 
tion means its ability to decrease or to 
abolish the effect of radiation on another 
solute and this depends on the relative prob- 
abilities with which the two substances 
eliminate radicals formed from the water by 
irradiation, as defined by Doherty and his 
co-workers."® Dale ef a/." found that thio- 
urea and sulfhydryl compounds had anti- 
energistic effects in the irradiation of 
aqueous systems. In the further develop- 
ment of this concept, Patt and his asso- 
ciates® found that cysteine and glutathione 
had antienergistic effects in the total body 
irradiation of rats. Bacq and Alexander’ in- 
vestigated numerous amino and sulfhydryl] 
compounds and discovered that 2-mercap- 
toethylamine had active antienergistic ef- 
fects in animals. Doherty and co-workers" 
have systematically varied the structure of 
mercaptoethylamine and have similarly 
studied the effectiveness of the compounds 
so produced. These studies have led to the 
development by them of other compounds 
with more active antienergistic effects 
with, at the same time, reduced toxicity 
for the recipient. One of these compounds, 
beta-aminoethylisothiuronium dibromide 
(AET) has been studied in our laboratories 
and on our clinical research service. Holl- 
croft has confirmed, in our laboratories, the 
finding of others that mice bearing lympho- 
sarcoma would survive a_ substantially 
higher dose of total body radiation if pre- 
treated with AET, as shown in Figure 1. 
When localized tumor (lymphosarcoma) 
bearing mice were submitted to total body 
irradiation, Hollcroft found that those 
which were pretreated with AET showed 
for similar doses of total body radiation 
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Mean Survival Time 
o--- UNTREATED 
@---- AET TREATED 
60t—_ 
e 
40}— 
increase in 
Mean Survival Time 
a 
O— UNTREATED 
@— AET TREATED 


DOSE ,r (whole body) 


Fic. 1. Survival time of irradiated mice. Upper plots: 
Mean survival time of AET treated and irradiated 
mice compared with mean survival time of un- 
treated and irradiated mice. Lower plots: Increase 
in mean survival time, as above. 


less tumor response, but, in those which 
were pretreated with AET and submitted 
to higher doses, the tumor response was 
greater, as shown in Figure 2. Although 
this may appear to be a tumor response ef- 
fect which might be called synergistic, 
considerations of the mechanisms show 
that this is an antienergistic effect in the 
whole animal which permits it and the 
tumor bearing region to be exposed to a 
larger dose. This may, however, be over- 
simplification but in any event it points up 
some of the complexities of the problem. 

Some aspects of the distribution and ex- 
cretion of AET have been studied in rats 
by Conte and Melville. They found the 
peak plasma concentration to occur at 
eight to ten minutes after intraperitoneal 
injection, and the loss from plasma after 
a single intra-arterial injection to be ex- 
ponential up to ninety to one hundred and 
twenty minutes. Since the protective mech- 
anism is a competing one, the optimal pro- 
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AVERAGE PERCENT MAXIMUM REDUCTION IN TUMOR VOLUME 


1000 


DOSE,r (whole body) 


Fic. 2. Comparison of reduction in tumor volume in 
AET treated and irradiated and untreated and 
irradiated mice with localized lymphosarcoma. 
Results in two groups of mice shown. 


tective effect would be secured at the time 
of peak concentration of AET in critical 
tissues. In the organs of greatest concen- 
tration of AET, the lymph nodes, liver, 
spleen, and bone marrow, peak concentra- 
tion occurred twenty minutes after intra- 
peritoneal injections. Concentration of the 
material was, incidentally, very low in the 
lens and gonads. 

Condit et a/.§ have reported a prelim- 
inary study of the human toxicity of AET 
performed in part on our clinical radiation 
research service. There was a rather char- 
acteristic response to the drug which lim- 
ited the rate at which it could be admin- 
istered and which was characterized by 
nausea, retching, coughing, vomiting, burn- 
ing of the eyes and face, and an intense 
flush of the head, neck, and upper thorax. 
These symptoms subsided promptly upon 
cessation of the administration of the drug. 
These effects are shown in Tables 1v and 
v. In susceptible individuals or when the 
dose is carried to high levels, vasomotor 
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TaBLe IV 


ACUTE TOXICITY OF ORAL AET 


Dose 
Patient Toxicity 
mg. _mg./kg. 
D.A. 750 13-9 emesis 
750 13.9 emesis 
1,000 18.5 emesis 
I ,000 18.5 none 
1,250 23.1 emesis 
5X... 500 none 
750 10.9 emesis 
cS. 500 6.3 nausea 
750 9-4 nausea, flush, dysp 
nea, lethargy, rash 
R.D. 500 10.6 “cold,” emesis 
250 5.3 “cold,” emesis 
100 a nausea, rash 
D.O'M. 500 8.3 none 
I ,000 16.6 none 
I ,000 16.6 none 
1,250 20.8 warm,” emesis 
1,250 20.8 “hot,” “cold,” nau- 
sea 


“hot,” “cold,” eme- 
sis, diarrhea, Ray- 
naud’s syndrome 


1,250 20.8 


collapse may also ensue. It would appear 
that the human usefulness of this drug in 
accomplishing antienergistic protective ef- 
fects will be severely limited by toxicity. 
Opposite to these antienergistic effects 
in Step No. 3 are the synergistic effects of 
oxygen. When aqueous solutions of simple 
organic or inorganic compounds are irradi- 
ated, water decomposes with the formation 
of active products, H, OH, and H.Os. In 
the presence of oxygen the H forms HO, 
and the yield of all of the reactive products 
is increased. This effect of oxygen is great- 
est in the case of electromagnetic ionizing 
radiations of low linear energy transfer and 
least in the case of particulate ionizing radi- 
ations of high linear energy transfer. Inas- 
much as Step No. 4, chemical reactions, is 
interpreted as the reaction of these active 
products and solutes, biologic effects are, 


go 
+ 
} 
2 
400 600 800 
| 
| 
) 
ope 
| 
| 
} 
| 
; 
by 


Vox. 81, No. 3 


Modification of the Radiation Response 4g! 


TABLE V 


ACUTE TOXICITY OF INTRAVENOUS AET 


Rate 
Patient : Duration Toxicity 
mg./min. 
min. mg. mg./kg. 
D.A. 25 30 750 14.6 vomited 
C.B. 25 30 750 10.2 none 
cS. 40* 8 320 4.0 nausea 
40* 14.3 570 7.1 flush, vomited 
5.6 280 4:3 nausea 
257 3.8 nausea 
a5° 16 400 5.8 nausea, hypotension 
25 11 275 3-9 nausea 
25 20 500 ie nausea 
15 60 goo 13.1 none 


* Studies done on the same day. 


therefore, augmented when the _ biologic 
material is irradiated under fully oxygen- 
ated as compared with anoxic conditions. 
This is especially important in the case of 
electromagnetic ionizing radiations — be- 
cause their absorption depends largely upon 
electron density and this means that in bio- 
logic systems water is of paramount im- 
portance because of the indirect action of 
its radiation decomposition products, and 
if the yield of these is increased by the 
presence of oxygen, then it may be pre- 
sumed that biologic effects will be aug- 
mented. It is presumed that certain por- 
tions of many tumors are relatively anoxic. 
This presumption is based on sound hy- 
potheses, but so far it has been impossible 
to effect experimental verification of these. 
On the other hand, it has been shown in ex- 
perimental tumor systems that when the 
tumor bearing site of the host animal is ir- 
radiated under conditions in which the 
partial oxygen pressure within the animal 
is increased, the response of the tumor to a 
given dose of radiation is also increased. 
This is strong presumptive evidence that 
the increased yield of the active water de- 
composition products is the causative 
factor in the increased radiation response. 


Gray® and Churchill-Davidson and _ his 
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associates! are carrying this thesis to a logi- 
cal conclusion by their studies of the hu- 
man cancer response under irradiation con- 
ditions of substantially increased partial 
oxygen pressure. The clinical studies so far 
completed have the same defects as will be 
discussed in a following section. No con- 
clusion about the clinical usefulness of this 
procedure can be drawn at this time. It 
must be assumed, therefore, that it has 
not yet been demonstrated that irradiation 
under these conditions will, insofar as the 
human cancer response is concerned, effect 
modification of the radiation response. 
This is, however, an area of research de- 
serving active and critical study and need- 
ing, especially, a means for determining 
partial pressure of oxygen or oxygen con- 
centration at actual sites of interest. 

A distinction must be made between pos- 
sible modification of the radiation response 
due to the presence of oxygen as compared 
with possible modification of the radiation 
response related to the rate of utilization of 
oxygen. The evidence indicates that the 
synergistic effects of oxygen are related to 
the former and not to the latter, the influ- 
ence of the latter having to do only with 
the rate and not the character of the re- 
sponse. This is of great conceptual signifi- 
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cance in an evaluation and interpretation 
of the work with porphyrins. While the 
presence of porphyrins may affect the rate 
of oxidative metabolism and, possibly, the 
rate of the radiation response, it is not to 
be expected that their effects will be syner- 
gistic in the sense that oxygen is. In other 
words, the presence of porphyrins does not 
necessarily relate to the presence of oxygen 
but only, perhaps, to the rate of its utiliza- 
tion and it cannot be expected, therefore, 
that the presence of porphyrins will modify 
qualitatively the radiation response. These 
problems are being actively investigated 
by Schwartz and his associates*” and a re- 
view of the clinical aspects of the group’s 
studies has been published by Loken.”! 

Step No. 4, chemical reactions, of the 
radiation response appears to be initiated 
by the presence of the active products dis- 
cussed above and to consist of reactions be- 
tween them and solutes in an aqueous sys- 
tem. Maxwell and Peterson,” working in 
this laboratory, have elucidated a chemical 
mechanism for the reaction of an OH free 
radical and an amino acid and in which the 
kinetics and stoichiometry can be defined. 
This provides a chemical model for subse- 
quent radiation chemistry studies from 
which further characteristics of the radia- 
tion response mechanism may be induced. 
Except for the oxygenation and anoxic ef- 
fects described above, it probably is not 
possible to introduce any modification into 
this step because, if the active products of 
water decomposition are present and free 
to react, it may be presumed that reactions 
will ensue. 

An artificial distinction is made between 
Step No. 4, described as chemical reactions, 
and Step No. 5, described as biochemical 
reactions. In the case of the former im- 
mediate reactions of the active products of 
the irradiation decomposition of water 
with simple organic compounds are im- 
plied, and in the case of the latter complex 
reactions between the reaction products of 
Step No. 4 and other biologic materials and 
direct radiation effects are implied. Despite 


* This contains an exhaustive bibliography. 
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the fact that this is the least clearly defined 
step in the entire radiation response mech- 
anism, this is, nevertheless, the area where 
most clinical attempts at modification 
have been tried, for this is also interpreted 
as the point at which anticancer pharma- 
cologic agents presumably act. Inasmuch 
as so little is known about the pharmacol- 
ogy of many of the agents which have been 
employed, it is not surprising that so much 
confusion arises in the interpretation of re- 
sults when the two, ionizing radiations and 
anticancer cytotoxic drugs, are used to- 
gether. This fact is one of the reasons why 
statistics are necessary, for it has been 
learned that, in general, it is the unobtru- 
sive observation which has to be evaluated. 
Inherent in this consideration is, of course, 
the whole contemporary concept of experi- 
mental design and statistical evaluation. 
All of the clinical cancer therapy studies so 
far performed on the modifying effects on 
the radiation response by the combined use 
of ionizing radiations and anticancer phar- 
macologic agents are defective in one or 
more of the following and, in most in- 
stances, in the last: Inadequate knowledge 
of the basic mechanisms of the radiation 
response; inadequate knowledge of the 
pharmacology of the anticancer drugs; and 
inadequate experimental design and un- 
satisfactory analysis of statistics. The ne- 
cessity for additional research efforts in the 
first two areas and the need for considera- 
tion of the latter are obvious. Some concept 
of the difficulties to be encountered in the 
development of adequate experimental de- 
sign and proper handling of statistics in the 
case of human research of the type under 
discussion can be obtained from the studies 
of Kimball and his associates” on sampling 
methods for radiation protection studies in 
mice. In this study some of the methods of 
factorial and sequential analyses are de- 
scribed. The problem of significant num- 
bers of type cases in clinical cancer therapy 
research is of great concern because very 
seldom does one clinic have enough pa- 
tients to satisfy criteria for adequate ex- 
perimental design including randomization 
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and statistical evaluation. In order to pro- 
vide adequate numbers for specific studies, 
it probably will be necessary to set up co- 
operative testing and evaluation programs 
on a national scale after the fashion of the 
Cancer Chemotherapy National Service 
Center of the Committee on Chemotherapy 
of the National Advisory Cancer Council 
as described by Bisel.’ Specifically, in order 
to untangle some of the confusion which ex- 
ists in the present clinical studies of com- 
bined radiation and drug therapy, it would 
be desirable to participate in formulated co- 
operative programs under the aegis of, say, 
either the Committee on Chemotherapy or 
the Radiation Study Section of the Divi- 
sion of Research Grants of the National 
Institutes of Health, for the objectives of 
both cancer radiation therapy and cancer 
chemotherapy are not alien to one another. 

The remarks made above pertain, in our 
opinion, to such clinical studies of possible 
synergistic effects of combined cancer ther- 
apy as have been performed with ionizing 
radiations and the cytotoxic alkylating 
agents, antimetabolites, hormones, onco- 
lytic viruses, sulfhydryl compounds, anti- 
biotics, urethane, synthetic vitamins, total 
body irradiation, porphyrins, oxygenation, 
and perhaps others not recalled to mind. In 
some instances these studies may consti- 
tute unfortunate circumstances in the fur- 
ther development of clinical radiation ther- 
apy, for, without ever being fully eval- 
uated, negative or inconclusive or extrava- 
gant reports have been published and then 
the procedures promoted have passed into 
limbo. It is possible, if not probable, that 
while from the negative point of view the 
expected discovery did not eventuate from 
these studies, still something, from the posi- 
tive point of view, subtle and important 
may have been overlooked. 

Step No. 6, biologic injury, follows log- 
ically as a sequence of the biochemical reac- 
tions preceding it. This, in terms of the 
cancer response, is also complex and diffi- 
cult to define for there is no unequivocably 
acceptable evidence of an unique metabolic 
pattern or biochemical characterization of 
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cancer. It is to be expected, therefore that 
agents which exert strong anticancer effects 
will also have similar deleterious effects on 
certain normal metabolic systems, tissues, 
or organs. If the biochemical actions pre- 
ceding Step No. 6 are not modified, it is 
hardly to be expected that the nature or the 
degree of the biologic injury sustained will 
be modified. Implied here by the term bio- 
logic injury are all those cytologic, histo- 
chemical, morphologic, and the many other 
phenomena which have been observed and 
which lead, eventually, to either inhibition 
of growth or death. 

Step No. 7 follows, recovery which may 
be more or less complete both qualitatively 
and quantitatively depending upon a com 
plex of circumstances when there has re- 
sulted only inhibition of growth and re- 
placement or necrosis when death of tissue 
has occurred. In other instances, carcino- 
genesis or mutagenesis may result and these 
effects are of great concern in present day 
medical radiology.! When recovery is im- 
possible, repair by replacement may be 
either natural as, for example, the substi- 
tution of fixed scar tissue for loss of sub- 
stance, or artificial as, for example, the au- 
tografting of skin to repair a radiation in- 
duced chronic ulcer. In the very broad 
sense of the term, this possibility of repair- 
ing a major tissue radiation injury by tis- 
sue or organ substitution is modification. 
This concept has now been successfully ex- 
tended to the transplantation of mamma- 
lian bone marrow with, as reported by 
Thomas and his colleagues,*! some evidence 
of success in the human. In the human pa- 
tient with cancer, autografts of bone mar- 
row are hardly feasible or possible. Homo- 
graft (intra-species, cross-strain) trans- 
plants may be successful provided the im- 
munologic response mechanisms have been 
sufficiently depressed. Such depression may 
be achieved by lethal or near-lethal total 
body irradiation, and these circumstances 
have led to recommendations and even ac- 
tual trials of similar cancer therapy systems 
in humans. There is no doubt whatever that 
the radiation response may be modified by 
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such practices, but it is highly questionable 
whether or not such practices would con- 
stitute a valid approach to the treatment 
of human neoplasms. Mention should be 
made here of the spleen shielding experi- 
ments of Jacobson and co-workers" as being 
a special case of preserving autologous tis- 
sues from which repair may be effected by 
spontaneous replacement from these tissues. 

Another method for inducing hemato- 
logic recovery has been investigated in our 
laboratories by Smith.” She found that the 
mortality of mice and hamsters exposed to 


Taste VI 


SURVIVAL OF IRRADIATED HAMSTERS GIVEN 
S. TYPHOSA ENDOTOXIN AFTER IRRADIATION 


880-950 r, 2.5 mev. 
Per Cent Survival 


J. Robert Andrews and Stanley E. Sneider 


No. in Group 
Endotoxin 
Control (20 wg. intra- 
peritoneally) 
25 12 88 
15-38 13 68 
15 47 80 


lethal total body irradiation was dimin- 
ished by a bacterial endotoxin adminis- 
tered either before or immediately after ir- 
radiation. The fact that it is effective in 
producing modification when administered 
after the irradiation (Table v1) indicates 
that the effect is not dependent upon inter- 
actions with primary radiation reaction 
products. Recovery of bone marrow cellu- 
larity and leukocyte counts occurred earlier 
in those treated with the endotoxin and the 
agent evidently does play a role, as yet un- 
defined, in stimulating bone marrow re- 
covery. This possibility that bone marrow 
recovery mechanisms may be stimulated 
rather than bone marrow having to be re- 
placed is a very intriguing one that should 
be actively studied. 

A further means of modifying the total 
radiation response in a general, nonspecific 
way and to which, probably, insufficient at- 
tention has been given is that of rehabilita- 
tion. The art of medical radiology has prob- 
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ably lagged somewhat behind the surgical 
and medical arts in accomplishing such, 
and more attention should be paid to prob- 
lems of rehabilitation especially in those 
patients with cancers of a type associated 
with a relatively long longevity outlook. 

Finally the sequence of events in the 
radiation response is terminated by Step 
No. 8, which is spoken of as the end effect. 
This effect is the sum total of all elements 
which have been operative both in all of 
the events of the mechanism of the radia- 
tion response itself and in all of the factors 
which may have modified this response. 
Modification of this response and, there- 
fore, modification of the end effect has al- 
ready been proved possible to a limited de- 
gree. It seems quite reasonable to assume, 
with better understanding of the mecha- 
nism of the radiation response, greater 
knowledge of the pharmacology of anti- 
cancer drugs, and with improved experi- 
mental design and statistical evaluation, 
that clinically useful modification of the 
radiation response may be obtained. It 
would appear appropriate, therefore, that 
research be encouraged in many of the 
areas of interest or controversy herein de- 
veloped. 


ADDENDUM 


A strong case has been made by Mitchell® 
for the efficacy of the synthetic compound, 
Synkavit, as a potentiating agent in the 
radiation therapy of carcinoma of the lung. 
It seems appropriate, therefore, to com- 
ment on this study in this review of modi- 
fication of the radiation response. The study 
group was composed of 155 patients of 
relatively early (as defined in Professor 
Mitchell’s paper) carcinoma of the lung, 
distributed as shown in Table vir. One im- 
portant aspect of the evaluation of this 
study is the fact that these 155 patients 
represented only 11.3 per cent of the total 
number, 1,370, of patients seen with cancer 
of the lung. In other words, while criteria 
for selection were rigidly established, still, 
quite restricted selection was practiced. 
The data in Table vu do, of course, strongly 
suggest improved results with the indicated 
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Tas_e VII 
(Mitchell*) 
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No. of Cases Surviving Eight Months or More after First 
Roentgen Treatment/Total No. of Cases in Each Category 


Pooled Groups 


All non-randomized cases 
Randomized cases 


Total 


Corresponding mean survival times: 
From first roentgen treatment 
From first symptom 


Roentgen Therapy | Roentgen Therapy 
Roentgen Therapy +Intramuscular + Intravenous 
Only Synkavit Synkavit 
6/38 5/26 19/32 
§/32 18/27 
6/38 | 10/58 37/59 
| 4.4 months 5.3 months 9.5 months 
10.2 months 12.2 months 16.3 months 


combination treatment, that is irradiation 
and intravenous Synkavit, but the prob- 
lem lies in the interpretation. The possibil- 
ity that Synkavit is increasing the sensitiv- 
ity of both tumor and the patient needs also 
to be investigated for, if so, the employ- 
ment of Synkavit would serve only to 
increase the effective radiation treatment 
level. Further, if the study is accepted as 
conclusive, then Synkavit should be in- 
troduced into the routine management of 
patients undergoing radiation therapy for 
carcinoma of the lung. In any event, this 
study is highly suggestive and others, per- 
haps, should undertake to investigate the 
potentialities of Synkavit on a fully ran- 
domized, controlled study basis. 

Ata recent Conference on Tissue Oxygen 
Tension and Radiotherapy, Lambertsen* 
developed the relationship of arterial oxy- 
gen tension to the availability of oxygen 
at the site of interest. This relationship is 
shown by the equation, where pO, is the 
partial pressure of oxygen: 


son* presented his work on clinical irradia- 
tion at several atmospheres of oxygen and 
this work is summarized in Table vu. 


Taste VIII 
(Churchill-Davidson*) 


CLINICAL RADIATION THERAPY WITH 3-4 ATMOS. O. 


Carcinoma of laryngopharynx, oropharynx, tongue, 
tonsil, lip, esophagus (2), uterine cervix (2), and 
urinary bladder (6). Preliminary results, 73 cases, 
1955—-July 1958, incl. 


Radiation 


Control 
Therapy Radiation 
with O, Therapy 
18/61 alive and well 2/12 
resolution of primary 2/12 


28/61 


Churchill-Davidson also discussed his plans 
for irradiation with cobalt 60 under four 
atmospheres of oxygen. This could be the 
definitive study on the role of oxygen in 
clinical radiation therapy and it is hoped, 
therefore, that a carefully designed, fully 


K(blood flow XHbO; cap. Xart. pO: [H*]) 


Tissue pO: = 


tissue consumption 


The arterial oxygen pressure is, then, only 
one of the factors influencing the availabil- 
ity of oxygen at the site of interest. 

At this same conference Churchill-David- 


randomized, and completely controlled 
study will be effected. 

In reference to the equation shown above 
for the tissue pO, as related to the im- 
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portance of hemoglobin O:, Garcia** has 
pointed out the relationship between anemia 
and the five year survival rate in carcinoma 
of the uterine cervix treated by irradiation. 
This relationship is shown in Table 1x. This 


IX 
(Garcia*) 
RELATIONSHIP BETWEEN ANEMIA AND FIVE YEAR 
SURVIVAL OF PATIENTS WITH CARCINOMA 
OF THE UTERINE CERVIX TREATED 
BY IRRADIATION 


All cases, 


Blood data 
five year 
survival 

RBC less than 4 million 35 
RBC greater than 4 million 51 
Hemoglobin less than 11 grams 30 
Hemoglobin greater than 11 grams 50 
Hematocrit less than 35 per cent 31 
Hematocrit greater than 35 per cent 52 


Per cent 
five year 


survival 
Uncomplicated cases 
Anemic 49 
Normal hematology 65 


suggests, of course, that patients should be 
transfused, if necessary, to levels of 11 or 
more grams of hemoglobin where curative 
radiation therapy is to be attempted. 


J. Robert Andrews, M.D. 
Building 10, Room 1-B-37B 
National Institutes of Health 
Bethesda 14, Maryland 
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HIGH PRESSURE OXYGEN AND 
RADIATION THERAPY* 


By CYRIL SANGER, M.B., B.S., F.F.A.R.C.S., D.A.t 


HARTFORD, CONNECTICUT 


HERE has been considerable interest 

during the past few years in the rela- 
tionship between the radiosensitivity of 
cells and the oxygen concentration in their 
environment, and Gray and his colleagues’ 
have shown that this follows a similar pat- 
tern in many different types of tissue—both 
animal and vegetable. This relationship 
may be represented by a composite curve 
(Fig. 1) derived from many experiments 
which shows that the sensitivity rises 
steeply at first with increasing oxygen ten- 
sion, and then less steeply. If a point on this 
curve is taken to represent cells in their 
usual state of oxygenation in the body, i.e. 
in the well vascularized tissue range, then it 
will be seen that a rise in the oxygen tension 
does not very greatly alter their sensitivity. 
A similar rise in tension, however, will have 
a profound effect in increasing the low 
sensitivity of cells which are poorly oxy- 
genated. 

It is probable that such cells exist in 
many human tumors. Thomlinson and 
Gray® have shown, for instance, that 
tumors in which the microscopic structure 
contains cords of cells nourished by diffu- 
sion from encircling capillaries, the radius 
of the cords has only to exceed about 150 
microns for necrosis to appear in the center. 
Close to this central point or area where the 
oxygen tension has presumably fallen to 
zero, it has been postulated that there must 
exist a ring of cells exposed to very low oxy- 
gen tensions indeed. A general rise in the 
oxygen tension would therefore be expected 
to bring about a relatively large increase 
in the sensitivity of these cells as compared 
with that of previously well-oxygenated 


cells, and this is the basis for the use of 
oxygen in radiation therapy. 

The validity of this reasoning appeared 
to be supported by the animal experiments 
carried out by Gray and co-workers.’ In 
1953 they irradiated Ehrlich ascites tumors 
on one leg of mice breathing oxygen at a 
pressure of three atmospheres and obtained 
a greatly enhanced effect after such a treat- 
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Fic. 1. Typical curve showing relationship between 
radiosensitivity of mouse Ehrlich ascites tumor 
cells to oxygen tension around them at the time 
of irradiation (Gray). 


ment as compared with the effect of a simi- 
lar dose of irradiation given to a similar 
tumor on the other leg while the mouse was 
breathing air. 

In order to test out the possibility of ob- 
taining such an effect in man, a clinical 
trial was started at St. Thomas’ Hospital, 
London, in 1954.! It was my privilege and 
my pleasure as an anesthesiologist to be en- 
abled to work with Churchill-Davidson 
and Thomlinson as a member of the team 
carrying out this trial. This paper is limited 
to presenting some aspects of this work. 


* Presented at the Fortieth Annual Meeting of the American Radium Society, Hollywood Beach Hotel, Hollywood, Florida, March 


27-29, 1958. 


t Department of Anesthesiology, Hartford Hospital. Formerly Chief Assistant, Department of Anaesthetics, St. Thomas’ Hospital, 


London, England. 


Present address: Department of Anesthesiology, Columbia University College of Physicians and Surgeons and the Anesthesiology 


Service, Presbyterian Hospital, New York, New York. 
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Fic. 2. Pressure chamber in position under roentgen- 
ray unit. 


To administer oxygen at high pressure we 
needed to use some form of pressure cham- 
ber, and the one we used is a modified naval 
diving decompression chamber (Fig. 2) in 
the top of which a Perspex window was 
placed through which the roentgen rays 
could pass. The patient lies on a stretcher 
(Fig. 3) within the chamber and this can be 
wheeled out onto a mobile cradle. Oxygen 
is admitted directly from a bank of cylin- 
ders and removed through an exhaust 
valve. 

Before we started treatment it was neces- 
sary to consider the physiologic effects of 
the inhalation of oxygen at three atmos- 
pheres on man. These may be divided into 
two groups—those associated with the rise 
in barometric pressure and those associated 
with the rise in oxygen tension. 

In the first group the only effect of im- 
portance is the possibility of damage to the 
ear drums or middle ear by pressure dif- 
ferentials. This can easily and safely be 
overcome by myringotomy. Other conse- 
quences of increased barometric pressure 
are the production of pressure differentials 
in the sinuses and gut which may give rise 
to discomfort in the conscious individual, 
an increase in the solubility of gases in the 
blood, a slight increase in the viscosity of 
the inspired gases, some impairment of CO, 
elimination, and possible changes in tem- 
perature. ‘“‘Bends’’—or caisson disease is 
fortunately not a problem with oxygen ow- 
ing to its being rapidly metabolized. 
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In the second group the chief problem to 
be considered is the possibility of oxygen 
convulsions. It seems that the risk of this 
may be greatly diminished or abolished by 
anesthesia, and for this reason we ad- 
ministered a general anesthetic to our pa- 
tients, which had also the effect of making 
the procedure tolerable to them by remov- 
ing fear and claustrophobia. The breathing 
of high tensions of oxygen causes lung dam- 
age in small animals but in man this is al- 
ways preceded by central nervous system 
symptoms and in any case only occurs after 
prolonged exposure. A rise in the pCOk,, 
bradycardia, slight rise in blood pressure 
and occasional electrocardiographic changes 
may also occur. We worked out a satisfac- 
tory anesthetic technique® for use under 
these somewhat unusual conditions, and 
this involved using intravenous barbitu- 
rates and chlorpromazine, intubating the 
trachea, and absorbing all the exhaled car- 
bon dioxide. The patients were monitored 
electronically from outside the treatment 
room and suitable precautions were taken 
against fire and explosion. 

We started with a small series of patients 
who had carcinomas large enough to be 
divided into two fields for irradiation. One 
field we treated in air and one while the 
patient was breathing oxygen at three 
atmospheres. Subsequent histologic exami- 
nation seemed to show more damage in the 
oxygenated field! and we therefore thought 


Fic. 3. Patient in position being placed in chamber 
for treatment. 
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it worthwhile to attempt a larger trial, 
selecting our cases this time from patients 
for whom surgery or conventional roentgen 
therapy had nothing to offer. We have re- 
cently published a detailed preliminary 
report on the first 35 cases in this series.” In 
the absence of valid statistical evidence— 
and this, of course, will not be available 
until there has been time to carry out a 
more extensive follow-up on a larger series, 
it is only possible to say at the moment 
that the initial response has been most en- 
couraging. It has in most cases greatly ex- 
ceeded that which one might expect from 
conventional methods, and this was par- 
ticularly so in the 11 cases of carcinoma of 
the tongue, tonsil and pharynx treated and 
in 2 chondrosarcomas and one myxosar- 
coma. 

If this improvement is a real one, to what 
may it be due? The technique we used dif- 
fers in three ways from the conventional. 
First, because we did not feel justified in 
submitting patients to this kind of treat- 
ment on more than two occasions, there was 
a radical alteration in fractionation; the 
treatments were at the beginning given in 
2 fractions with a spacing of one week, the 
tumor dose on each occasion being approxi- 
mately 1,000 r. More recently a dosage of 
approximately 2,750 r in three fractions at 
weekly intervals has been used. Secondly, 
there was the administration of an anesthet- 
ic which included drugs which may have 
had an effect by altering circulatory condi- 
tions. Thirdly, there was the increase in 
oxygen tension. If it can be shown conclu- 
sively that these three factors combined can 
usefully potentiate treatment, the relative 
importance of each will need to be evalu- 
ated. This formidable task would be greatly 
simplified if it were feasible to dispense with 
anesthesia. It would then be possible to use 
a more customary scheme of fractionation 
and a large body of experience would be- 
come available with which the results could 
be directly compared. Many practical dif- 
ficulties would have to be overcome, how- 
ever, before one could expect patients to 
breath oxygen at high tension while con- 
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scious and it is therefore worthwhile con- 
sidering whether there are any other, per- 
haps simpler, ways in which we may ap- 
proach the problem. 

The aim, we must remember, is not 

merely to potentiate the effect of radiation 
on all cells indiscriminately, but to restore 
to a few tumor cells their differential sensi- 
tivity as compared with normal tissue. It is 
upon this differential, of course, that the 
whole concept of radiation therapy is based, 
and it is this differential which is destroyed 
by hypoxia. 
% ‘The oxygen tension about these cells de- 
pends upon four factors: (1) The coefficient 
of diffusion of oxygen in tumor tissue; (2) 
the oxygen tension in that part of the capil- 
lary which constitutes the principal source 
of oxygen to the cell in question; (3) the 
distance of the cell from the capillary; and 
(4) the respiratory rate of the intervening 
tumor cells. 

Of these factors, the coefficient of diffu- 
sion of oxygen and the distance of the cell 
from the capillary are beyond our control. 

If one could alter the respiratory rate of 
the intervening tumor cells by physical or 
chemical means, the gradient of oxygen ten- 
sion would be leveled. It has been suggested 
that hypothermia or the use of antimeta- 
bolic drugs might be helpful in this direc- 
tion and this might well be possible at some 
future time. 

From a practical point of view, however, 
we are left with trying to alter the oxygen 
tension of the blood in the capillary. As the 
cells may obtain their oxygen supply from 
any point along the capillary, we must con- 
sider not only the tension of oxygen at the 
arterial end but also that at the venous end. 

It is comparatively easy to alter the oxy- 
gen tension on the arterial side of the 
capillary loop, for this is the same as that in 
the arteries and closely approximates that 
in the alveolar air (Fig. 4). Breathing pure 
oxygen will raise it from about 100 mm. 
Hg to 500 mm. Hg, and breathing pure oxy- 
gen at three atmospheres will raise it to 
nearly 2,000 mm. Hg (Fig. 5). 

As the blood passes along the capillary, 
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oxygen is lost to the tissues and the tension 
falls. If the flow is constant this rate of fall 
is governed under normal conditions by the 
dissociation curve of hemoglobin, but, when 
high concentrations of oxygen are inspired, 
almost all of the extra oxygen is carried in 
simple solution in the plasma (Fig. 6) and 
the tension will at first fall rapidly in a 
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Fic. 5. Relationship between inspired and 
arterial oxygen tensions. 
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linear fashion as this extra oxygen diffuses 
out of the blood. 

Obviously, the rate of flow of blood is a 
very important factor in determining not 
only the way in which the oxygen tension 
falls along the capillary but the level to 
which it will have fallen by the time the 
venous end is reached. Normally, with an 
arterial oxygen tension of 100 mm. Hg this 
venous oxygen tension will be about 40 mm. 
Hg, but if the flow is slowed it may be con- 
siderably less. There is evidence that in 
some tumors slowing of the capillary blood 
flow does, in fact, occur for mechanical rea- 


OXYGEN CONTENT OF ARTERIAL BLOOD (vus.%) 
AT DIFFERENT TENSIONS 


T 
8 


ZZ 0, compineo with Hb o, PLASMA 


Fic. 6. Oxygen content of arterial blood during res- 
piration of air, 100 per cent O, and 100 per cent Oz 
at 3 atmospheres. Almost all of the extra Oy» is 
carried in simple solution in the plasma. 


sons.°!° Under these circumstances the 
arterial oxygen tension has to be raised to 
very high levels indeed for there to be much 
effect on the blood at the venous end of the 
capillary. It has been shown, for example, 
that in the brain during the inhalation of 
pure oxygen at a pressure of three and a 
half atmospheres, the oxygen tension may 
fall from 2,000 mm. Hg in the arteries to 76 
mm. Hg in the internal jugular vein (Fig. 
7)—a figure not greatly in excess of normal.® 
This great fall is accounted for by the 25 
per cent reduction in blood flow which 
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occurs under these circumstances. It is for 
this reason that we used oxygen at three 
atmospheres, and more recently at four 
atmospheres, because the inhalation of oxy- 
gen at normal pressure seemed unlikely to 
be effective. It might be that in certain situ- 
ations the simple inhalation of oxygen 
would suffice, and it is interesting to note 
the results which have been published by 
Hultborn and Forssberg,' and von Saal and 
Dalicho’ in the treatment of skin lesions. 
Just as our task is made more difficult by 
the slowing of the bloodstream in congested 
tumors, so it could be greatly simplified if it 
were possible to speed the blood flow. In 
the brain, for instance, oxygen induced 
vasoconstriction can be released by the 
addition of small quantities of carbon di- 
oxide to the inspired gases and the venous 
oxygen tension can be raised at three and a 
half atmospheres to 1,000 mm. Hg? (Fig. 


7): 
Could such a mechanism be utilized in 
tumors? Leaving aside the question of 
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whether oxygen itself produces a vasocon- 
striction in tumors as it does in brain, is 
there any means by which we could dilate 
the vessels to increase the flow? The pres- 
ence of necrotic areas suggests that there 
must bea high local concentration of metab- 
olites. These substances are in general 
powerful vasodilators and it would appear 
likely that the circulation—at least at 
capillary level, is at its maximum, however 
inadequate it may be. Nonetheless, it would 
be worthwhile to explore every possibility 
of promoting the blood flow,—for instance 
by the use of heat or vasodilators. There is 
a tremendous lack of information about the 
circulatory conditions in tumors and this 
would surely be a fruitful field of study. 
From a consideration of all these factors, 
it would seem that the inhalation of oxygen 
at high pressure will, after all, prove to be 
the most effective, if not the only way to re- 
move the protection against irradiation 
which hypoxia affords to some tumor cells. 
Even the experimental technique which we 
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used is less cumbersome than may appear 
from the description, and with modifica- 
tions it could be fitted into the routine of a 
department without too much difficulty. 
Whether this method of treatment will 
have a useful place in the radiation therapy 
of cancer is a question that can only be 
answered in the light of further knowledge 
and experience. While some of this knowl- 
edge may no doubt be obtained in the lab- 
oratory, only clinical experience can truly 
give us the answer we need. The more ex- 
tensive and numerous the clinical trials, 
the more quickly will we get that answer. 


SUMMARY 


Gray and his colleagues have shown that 
suboxygenated cells are relatively insensi- 
tive to irradiation, and Thomlinson has 
demonstrated that such cells are probably 
present in human tumors. If the oxygen 
tension is increased, the sensitivity of these 
cells may be restored without greatly 
raising that of normal tissue. This may be 
achieved in man by the inhalation of oxygen 
under high pressure in a pressure chamber. 

A clinical trial has been carried out at St. 
Thomas’ Hospital, London. The apparatus 
and technique are described and the prac- 
tical problems discussed. The initial results 
have been very encouraging, particularly in 
the treatment of carcinomas of the larynx 
and oropharynx. 

Other possible methods of approach to 
the problem are considered, but the con- 
clusion is reached that the inhalation of 
oxygen under high pressure is likely to re- 
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main the most effective technique in the 
light of present knowledge. 


Hartford Hospital 
Hartford 15, Connecticut 


REFERENCES 


1. CHuRCHILL-Davipson, I., Sancer, C., and 
THOMLINSON, R. H. High-pressure oxygen and 
radiotherapy. Lancet, 1955, 7, 1091-1095. 

2. CuurcHILL-Davipson, I., Sancer, C., and 
TuHomuinson, R. H. Oxygenation in radio- 
therapy: Clinical application. Brit. ‘¥. Radiol., 
1957, 30, 406-422. 

. Gray, L. H., Concer, A. D., Esert, M., 
Hornsey, S., and Scorr, O. C. A. Concentra- 
tion of oxygen dissolved in tissues at time of 
irradiation as factor in radiotherapy. Brit. F. 
Radiol., 1953, 26, 638-648. 

4. K. A., and Forssspere, A. Irradi- 
ation of skin tumors during pure oxygen in- 
halation. Acta radtol., 1954, 92, 475-484. 

5. Joun, R. Personal communication, 1950. 

6. LAMBERTSEN, C. J., Ew1no, J. H., Koucn, R. H., 
Gou_p, R., and Stroup, M. W. Oxygen tox- 
icity. 7. Appl. Physiol., 1955, 8, 255-263. 

>. Saat, H. von, and Daticno, W. A. Frihergeb- 
nisse der R6ntgentherapie von Hauttumoren 
bei lokaler Sauerstoffzufuhr. Strahlentherapie, 
1957, 102, 31-42. 

8. Sancer, C., I., and 
Tuomuinson, R. H. Anaesthesia for radio- 
therapy under high-pressure oxygen. Brit. 7. 
Anaesth., 1955, 27, 436-446. 

g. THoMLINSON, R. H., and Gray, L. H. Histo- 
logical structure of some human lung cancers 
and possible implications for radiotherapy. 
Brit. Cancer, 1955, 9, §39-549- 

10. Youna, J. S., Lumspen, C. E., and Srarker, 
A. L. Significance of “tissue pressure” of nor- 
mal testicular and of neoplastic (Brown- 
Pearce carcinoma) tissue in rabbit. ‘¥. Path. & 
Bact., 1950, 62, 3137-333: 


= 
| 
3 
\ 
al 
| 
2 
The 
Os >) 
= 


Marcu, 1959 


THE LIVER, RADIATION AND LEUKEMIA* 


By MARION F. BEARD, M.D.+ 


LOUISVILLE, KENTUCKY 


RTICLES and editorials appearing 
in the literature are emphasizing with 
increasing frequency the relationship be- 
tween radiation and leukemia.°” Statistical 
studies of the incidence of leukemia in 
radiologists, Hiroshima victims, and _ re- 
cipients of radiation therapy have revealed 
increased incidence of leukemia following 
roentgen-ray exposure.‘ This phenomenon, 
late in developing, makes causal relationship 
difficult to assess. Relatively little experi- 
mental work and very little documentation 
of the possible mechanisms involved have 
been reported. 

There are at present two principal ap- 
proaches to the study of the mechanisms 
involved in leukemia. The first and perhaps 
most popular is the report by a number of 
observers that leukemia can be transmitted 
by an agent similar to a filtrable virus. The 
second approach is the attempt to demon- 
strate in the leukemias biochemical ab- 
normalities which might be responsible for 
the disease. Neither of these approaches 
has been entirely successful to date. There 
are many and obvious blank spaces in our 
knowledge of the mechanisms of human 
leukemia. A discussion of these mecha- 
nisms is still highly theoretical, but evidence 
is now accumulating which makes a theo- 
retical discussion of etiologic relationships 
timely. 

In 1954 we reported the finding of exces- 
sive amounts of protein-bound vitamin By» 
in the blood serum of patients with myelo- 
cytic and monocytic leukemia, both acute 
and chronic.'.> This phenomenon is not 
present in lymphatic leukemia. In innu- 
merable determinations in patients with 
both acute and chronic myelocytic and 
monocytic leukemia, the finding of protein- 
bound B,. values of from two to fifteen 


times the values of normal sera has been 
consistent, and numerous other observ- 
ers have now verified this finding. Ele- 
vations of serum By, have also been re- 
ported in cirrhosis of the liver, and occa- 
sionally in myelofibrosis and polycythemia 
vera. The serum B,, elevations in cirrhosis 
of the liver present certain differences, 
consisting chiefly of saturation of the pro- 
tein binding and a normal clearance of co- 
balt 60 labeled Bis. The elevations that are 
reported occasionally in myelofibrosis and 
polycythemia reflect on the nature of these 
diseases, since both have many features in 
common with myelocytic leukemia. 

These elevated serum By». values in leu- 
kemia are protein-bound By. values as 
measured by the Euglena gracillis technique 
of microbiologic assay. The Euglena gracil- 
/is is an organism which is capable of differ- 
entiating between protein-bound and free 
Bi. A typical sampling of normal bound 
Bi. values as compared with nonlymphatic 
leukemias is shown in Figure 1. 

The protein binding of By: in the serum 
as studied by microbiologic assay with 
Euglena gracillis and paper electrophoresis 
was reported by us in 1954."! In the normal 
serum almost all of the bound By can be 
recovered in the cut strips which exhibit 
alpha globulin mobility. A typical meas- 
urement of this phenomenon superimposed 
on a Tiselus curve is shown in Figure 2. 
Repeated studies of this phenomenon by 
microbiologic assay have been consistent. 
Attempts to locate the binding with Co*° 
labeled Bi. have not been successful in our 
hands. 

Study of the location of the bound B,. 
by similar techniques in the nonlymphatic 
leukemic sera has also revealed the rather 
specific alpha globulin location of the bind- 


* Presented at the Fortieth Annual Meeting of the American Radium Society, Hollywood, Florida, March 27-29, 1958. 
This study was made possible by grant No. A 112, United States National Institutes of Health. 
t Associate Professor of Medicine and Head of Division of Hematology, University of Louisville School of Medicine, Louisville, 
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BOUND Byj2 VALUES IN NORMAL 
AND LEUKEMIC SERA 
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ing. This is illustrated in Figure 3. While 
the location of the bound By: has been in 
the fractions of alpha globulin mobility, 
repeated electrophoretic study of the leu- 
kemic sera has failed to disclose an exces- 
sive amount of alpha globulin, and we feel 
that the difference in binding is qualitative 
rather then quantitative. 

Studies of this abnormal binding have 
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been interesting. /7 vitro studies of normal 
sera show, by bioassay techniques, a rather 
limited capacity for the sera to bind Br. 
An increase approximately twice the nor- 
mal values seems to be maximum. Studies 
of the leukemic sera, on the other hand, 
reveal an almost unlimited capacity to bind 
Bis. This is demonstrated in Figure 4. Jn 
vivo studies also reveal a very abnormal 
capacity to bind By2, as shown in Figure 5. 
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Studies of the plasma clearance of Co®? 
labeled Biz in the normal and in the leu- 
kemic likewise reveal marked differences. 
In the leukemic individual, if relatively 
enormous doses of nonradioactive By»: are 
given parenterally, the binding capacity of 
the serum can be saturated and the plasma 
clearance returned to normal (Fig. 6). 
There is some evidence to indicate that 
the protein bound By: is the biologically 
active form of the vitamin. Most biochem- 
ists are agreed that vitamin B,. is an essen- 
tial factor in the synthesis of nucleopro- 
teins. Whether excessive amounts of protein 
bound By2 can result in excessive nucleo- 
proteins in the leukemias as has been 
reported is rather controversial. We have 
approached this question indirectly in two 
ways: (1) We have attempted to lower 
artificially the high bound By» values in 
patients with leukemia. Figure 7 shows the 
result of such an attempt by using exchange 
transfusions. The high By» levels could not 
be returned to normal, and the moderate 
lowering of the By levels was quite tran- 
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sient. In spite of this, there was some lower- 
ing of the peripheral blood levels but no 
change in the bone marrow or clinical pic- 
ture; (2) we have attempted to block nucleo- 
protein synthesis by the use of an antagon- 
ist—6 mercaptopurine, and have observed 
the effect on the serum By levels and on the 
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clinical picture of the leukemia. Figure 8 
shows these results. While the patient may 
go into a good clinical remission, there is 
no lowering of the serum By levels. Re- 
missions induced by myeleran, a cytotoxic 
agent, are, on the other hand, accompanied 
by a reduction in the values of bound By» in 
the serum. This is illustrated in Figure 9. 

While these results are preliminary and 
inconclusive, they are suggestive of the fact 
that the elevated bound B,». values may be 
the actual mechanisms whereby the ab- 
normal amounts of nucleoproteins and the 
wild production of immature cells by the 
bone marrow are initiated. 

The fundamental mechanism involved in 
these nonlymphatic leukemic patients is a 
qualitative abnormality of the alpha globu- 
lin insofar as By». binding is concerned. This 
abnormal alpha globulin is able to combine 
with By,» in excess, either from the liver or 
from minute increases over a long period 
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from the intestinal tract. Present tech- 
niques do not demonstrate increased ab- 
sorption from the intestinal tract, but they 
are not refined enough to demonstrate slight 
increases of absorption. 

The source of the abnormal alpha globu- 
lin is hepatic. Miller and Bale,!° in a series 
of ingenious experiments, have shown that 
almost all of the alpha globulin is hepatic 
in origin. Rachmilewitz et a/. have also 
demonstrated a transient increase in alpha 
globulin bound B,: following acute chemical 
injury to the liver. Thus we can postulate 
that chronic liver injury, from irradiation, 
from chemical poisoning, or from infection 
such as a virus, may result in an abnormal 
alpha globulin, which is capable of binding 
abnormal amounts of vitamin Br. 

Hepatic effects of radiation have been 
described by numerous investigators and 
that the liver is particularly sensitive to 
irradiation is well known.’ To date no ex- 


2300 
NY 
8 
els 
‘n mj; 
98,100 
Der 800 
m1. 
| We 
4 
| 
w 
B 
| 
27,500 
4 


508 


periments have been done to prove that 
irradiation over a period of years may re- 
sult in abnormal alpha globulin. In view of 
the collateral evidence reported, it would 
seem, however, that such a concept would 
not be too illogical. The difficulties of ex- 
perimental documentation are obvious. In 
all reports on radiation and leukemia, the 
remoteness of the development of the leu- 
kemia following irradiation is emphasized. 
Acute experiments thus being useless, only 
time and new techniques will aid in proving 
the correctness of this concept. 


SUMMARY 


It is postulated, that the following rela- 
tionship exists between irradiation and 
leukemia: chronic radiation effects on the 
liver result in the production of an alpha 
globulin which has a peculiar affinity for 
Biz. This protein gradually binds excessive 
amounts of vitamin B,» from the liver, or 
from an intestinal tract containing normal 
amounts of the vitamin. This excessive 
bound B,: is biologically active, resulting in 
abnormal production of nucleoproteins and 
excessive formation of immature cells, lead- 
ing to the clinical picture we call leukemia. 
The process may well be reversible at some 
stage of its development. 


University of Louisville 
School of Medicine 
Louisville, Kentucky 
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GLASS DOSIMETRY FOR DETERMINATION OF DOSES 
TO A BIOLOGIC OBJECT IN A THIN WATER 
LAYER. PART II* 


By TOR BRUSTAD}# and THORMOD HENRIKSENT 


OSLO, NORWAY 


N STUDIES of radiation induced effects 

on unicellular organisms, large doses 
may sometimes be necessary. In studies of 
changes in the frequency of the pulsation of 
the contractile vacuoles in Paramecium 
caudatum, doses in the region of 10! r to 
10° r are needed. 

Below is presented an irradiation ar- 
rangement especially suited for small or- 
ganisms, with dose determinations by 
means of glass dosimetry. 


MATERIAL AND METHOD 


In order to prevent evaporation and con- 
sequent changes in the chemical composi- 
tion of the culture medium, the biologic 
specimen was placed in a water layer be- 
tween two coverslips separated by a steel 
spacer. The experimental arrangement is 
shown in Figure 1. 

The thickness of the glass coverslips was 
0.18 +0.03 mm. and the slips were fixed to 
the steel spacer by means of a biologically 
inactive silicon grease. 

Thirty-five kev. roentgen rays from a 
Machlett AEG-so roentgen ray tube with 
a 1.0 mm. thick beryllium window and 
0.14 mm. external glass filtration (equiva- 
lent to about the same thickness of alumi- 
num) were used,! with a circular field of 
8.0 mm. diameter and a focus-specimen 
distance of 4.85 cm. Due to the high dose 
rate obtained from these roentgen ray 
tubes,*° large doses could be applied within 
a short space of time. 

In order to determine the dose at the 
specimen position in the arrangement de- 
picted in Figure 1, the depth dose distribu- 
tion in glass and water was studied. 


DOSE DISTRIBUTION IN GLASS 


The dose distribution in glass has previ- 
ously been determined by the authors.” The 
experimental data may be expressed math- 
ematically by: 


D,= D,(0.2e?*+0.8¢e (1) 


D, is the dose at the depth of x mm., and 
D, is the surface dose. This expression, 
which is based on the total roentgen ray 
spectrum represented by only two mono- 
energetic lines, is limited in validity to 
O<x <1.3 mm. 


DOSE DISTRIBUTION IN WATER 


The dose distribution in the water layer 
between the two coverslips (Fig. 1) was 
determined using spacers of thickness rang- 
ing from o.1 to 8.0 mm. The radiation 
transmitted through coverslip 4 and the 
water layer was measured with a high rate 
ionization chamber, constructed for low 
voltage roentgen rays, and placed in con- 
tact with the water layer. 

The following mathematical expression 
closely covers the experimental results. 


D,(t) = (2) 


where ¢ is the thickness of the water layer 
and D,! represents the dose at zero thick- 
ness, (i.e., just behind coverslip 4 in the 
figure). This expression is valid for o<t#<7 
mm. 

Equation (2) also expresses the depth 
dose distribution in the water layer, since 
dose contribution from backscatter is negli- 
gible for this radiation quality and field 


* From the Norsk Hydros Institute for Cancer Research, The Norwegian Radium Hospital, Oslo, Norway. 
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DOSE TO THE BIOLOGIC SPECIMEN 


Using the dose distribution in glass and 
water, expressed by equation (1) and (2), 
the dose at the specimen position (D,) (the 
middle of the water layer) may be related 
to the dose at the surface of coverslip 4, 


(D.), thus: 


+0.8e-77) -D (<) (3) 
where T and ¢ are the thickness of coverslip 
A and the water layer, respectively. D(t/2) 
is the value of equation (2) in the middle 
of the water layer. 

Exposed to high doses (1o*-10° r), the 
coverslips 4 and B (Fig. 1) change their 
optical properties, among which the colori- 
zation in the ultraviolet region (3250 A) 
has been utilized. A calibration curve relat- 
ing this colorization to the surface dose has 
been worked out.!” 

The glass dosimeter system is well suited 
for the present purpose because integrating 
dosimeter renders the results independent 
of variations in the dose rate of the radia- 
tion source. 

Coverslips 4 and B provide two different 
means for determining the dose received 
by the biologic specimen. Coverslip 4 gives 
the surface dose D, directly, and D, is then 
obtained using equation (3). Coverslip B 
gives the dose at the interface between that 
slip and the water layer. The spectral dis- 
tribution of the radiation entering cover- 
slip B is different from that entering slip 4, 
and due to the energy dependence of the 
glass dosimeter, a correction factor (P) 
must be introduced before the calibration 
curve can be used. 

The dose in the middle of the water layer 
D, is then expressed as: 


t 
2 
Da=D,-P-— 
D(t) 


(4) 


where D, -P is the corrected dose at the in- 
terface between slip B and the water. D(¢) 
and D(t/2) are the values of equation (2) 
at ¢ and ¢/2, respectively. In a previous in- 
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Fic. 1. 
radiation induced colorization in the two coverslips 
is indicated. 


The irradiation arrangement used. The 


vestigation the energy dependence of the 
glass dosimeter was studied,” and the cor- 
rection term (P) can be expressed as a 
function of the glass filtration: 


where x is the thickness of the glass filter in 
millimeters. In the arrangement described, 
the radiation entering coverslip B is fil- 
tered by slip 4 and by the water layer. In 
order to apply equation (5) this water layer 
must, in respect to filtration, be made 
equivalent to a glass layer. Theoretic con- 
siderations based on the depth dose curves 
in water and glass show that a water layer 
of thickness ¢ is approximately equivalent 
to a glass layer of thickness ¢/20. Conse- 
quently, the parameter x in equation (5) 
may be substituted by 


x=T+1/20 


(5) 


(6) 


where T is the thickness of coverslip 4. 
Therefore, the dose at the middle of the 
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water layer (D,) may also be determined 
according to equation (4), where the radia- 
tion induced colorization in coverslip B is 
utilized. 

Thus, two different means for determin- 
ing the dose given to a biologic specimen in 
the middle of a thin layer of water are 
given (equation 3 and 4). Generally, the 
two measurements are both used to in- 
crease the accuracy of the dose determina- 
tion. However, relatively small doses are 
most accurately determined using coverslip 
A, due to the slight colorization of coverslip 
B. On the other hand with very large doses 
the colorization of slip 4 may become too 
dense, and slip B provides the best basis 
for measurements. 


SUMMARY 


In order to study radiation effects on 
small organisms in water, an irradiation ar- 
rangement has been designed of a water 
layer confined between two coverslips by 
means of a steel spacer. 

The dose at the specimen position in the 
middle of the water layer is determined 
using glass dosimetry. The radiation in- 
duced colorization in the coverslips pro- 
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vides two separate means for measure- 
ments of the dose. 


Tor Brustad 

Norsk Hydros Institute for Cancer Research 
The Norwegian Radium Hospital 

Oslo, Norway 


Thanks are due to Dr. Per Oftedal for the 
helpful discussion of this paper. 
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DEPTH-DOSIMETRY BY MEANS OF A GEL- 
INCORPORATED CHEMICAL SYSTEM* 


By J. F. PESTANER and L. H. GEVANTMAN 


SAN FRANCISCO, CALIFORNIA 


measurement of depth dose 
in radiobiologic experiments is a neces- 
sity in evaluating observed physiologic 
effects, since reactions can be induced only 
through energy actually absorbed. Depth 
dose is a function of four variables: depth, 
backscatter, target-surface distance and 
the type of absorber, each dependent on the 
quality or energy of the radiation. The 
calculation of energy absorbed at a given 
point requires extensive tables and engen- 
ders great difficulty, even assuming no 
experimental error or procedural limita- 
tions.’ 

Experimentally it is possible to measure 
depth dose with some accuracy by the use 
of tissue-equivalent phantoms and _ cali- 
brated ionization chambers. However, as 
the energy of the incident radiation drops 
below 50 kv. peak, special difficulties in the 
measurement are presented. Such dif- 
ficulties involve the calibration of the ion 
chamber exhibiting proper wavelength 
characteristics to the region of measure- 
ment. The physical adaptation of the 
chamber to the specific geometry of the 
experiment is sometimes complex. 

The present study describes the employ- 
ment of a chemical dosimeter incorporated 
in a firm, aqueous gel for measuring depth 
dose distribution of low energy roentgen 
rays in a dog phantom rotated about its 
longitudinal axis. Previous attempts to 
measure this distribution with Sievert ion 
chambers proved unsatisfactory because of 
the high Z of chamber walls, shadowing of 
one chamber by another and the low radia- 
tion dose capacity of the chamber itself. 
The gel system which is made tissue-equiv- 
alent does not suffer from geometric and 
dosimetric restrictions found in the ion 
chamber measurement. It has the added 


advantage of providing a direct measure- 
ment of energy absorbed. 

The use of gel systems for depth dosim- 
etry has previously been suggested.?* 
The specific chemical systems suggested, 
however, lacked radiation sensitivity. It 
has been shown*:® that the radiation decom- 
position of chlorinated hydrocarbons yields 
hydrochloric acid as a principal product. 
Furthermore, aqueous systems containing 
chloroform,!' and 
chloral hydrate! combined with a pH-sensi- 
tive dye have been used to measure radia- 
tion dose. Consequently, their radiation 
sensitivity coupled with their adaptability 
for incorporation in an aqueous gel makes 
them desirable for use in the measurement 
of depth dose. 

The gel system employed in the present 
measurement consists of an agar gel satu- 
rated with trichloroethylene (TCE). Brom- 
cresol purple is used to indicate the change 
in H+ concentration and this change is 
followed optically at 590 my. At average 
photon energies, from 60 kev. to 400 kev., 
the yield of this system was found to be 
proportional to dose over quite a wide 
range of dose rate and total dose.‘ In the 
energy region where the present study was 
conducted (average energy 14 kev.), linear 
proportionality was somewhat more 
limited but nevertheless more than ade- 
quate for the purpose. 


EXPERIMENTAL 


Chemicals. A stock solution of brom- 
cresol purple was made by heating 250 mg. 
of the acid form in 100 ml. water adjusting 
the pH to 7 with 10 per cent NH,OH and 
diluting it to 250 ml. Two milliliters of this 
solution were used per 100 gm. of final gel. 

Trichloroethylene was purified by distil- 


* From the United States Naval Radiological Defense Laboratory, San Francisco, California. 
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lation in a nitrogen atmosphere through a 
40 plate column at a reflux ratio of 20:1. 
The middle fraction was collected under 0.1 
N NaOH. The collected TCE and NaOH 
were transferred to a dark brown bottle and 
stored in the dark. 

Manufacture of a 1 Per Cent Gel. An 
aqueous solution of 1 gm. of agar and 2 ml. 
of the bromcresol purple solution was 
brought to a total weight of 106 gm. The 
extra 6 gm. of water was allowed for sub- 
sequent loss during manufacture. The mix- 
ture was brought into solution on a steam 
bath,* removed and then placed on a mag- 
netic stirring device. During the stirring, 
water-pumped air continuously 
bubbled through it. When the gel had 
cooled to 60°C., 0.5 ml. of TCE was added, 
a quantity found to be more than sufficient 
to saturate the gel. At 48.5°C., 0.15 ml. of 
0.1118 N HCl was added to adjust the gel to 
pH 7. The stirring and bubbling were then 
ceased and a minute was allowed for the 
excess TCE to settle to the bottom of the 
beaker. The material was then carefully 
poured into a cylindrical mold of 2.5 cm. 
diameter and 30 cm. high, and the remain- 
ing portion containing the excess TCE dis- 
carded. After cooling to room temperature 
the gel was removed and inserted into the 
tissue equivalent phantom. 

Irradiation Procedure. The dog phantom 
was a cylinder of Mix-D Wax,’ 15 cm. in 
diameter and 54 cm. long, with a hole 2.36 
cm. in diameter drilled transverse to the 
longitudinal axis which received the gel 
plug. The gel cylinder was contained at 
each end of the wax cylinder with a seal of 
Mylar film. The phantom was then placed 
into a cradle used to irradiate the live dog 
and wrapped securely with canvas to pre- 
vent slipping during rotation. This entire 
assembly is shown in Figure 1. 

The entire assembly was positioned at a 
107 cm. target-skin distance from the 
beryllium window of a so kv. peak roentgen- 

* In the preparation of an agar gel it had been found previously 
that the length of time that the gel was heated affected the final 
pH of the system. Therefore, the time and rate of heating were 


carefully controlled so that the gel reached 94°C. in four minutes 
on a steam bath, the steam pressure of which was 5 psig. 
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Fic. 1. Device for rotating dog phantom. 


ray machinef with ao.25 mm. Al filter. The 
average energy of the incident beam was 14 
kev. Measurements of the energy and flux 
of the incident radiation were made with 
nylon wall ionization chambers. In the 
calculation of energy absorbed,® the value 
of 34 ev./ion pair was used, which leads toa 
value of 91.5 ergs/gm./roentgen in water. 

Optical Analysis. Following irradiation, 
the gel cylinder was removed and placed in 
a slicing device! designed to cut uniform 5 
mm. thick gel sections normal to its longitu- 
dinal axis. The optical density of each slice 
was measured by fitting the gel section into 
a 5 mm. thick glass ring of accommodating 
diameter. This was followed by the place- 
ment of flat quartz windows over each face 
of the gel slice. This smoothed out and re- 
moved surface irregularities. The cell was 
mounted in a holder which was adapted to 
the Beckman DU spectrophotometer. Light 
absorption measurements were made at 590 
mu. 


RESULTS 


A titration curve to show the variation in 
H+ with optical density was run by adding 
increasing quantities of HCl to a number of 
liquid gel samples held at 48.5°C. When the 


t Picker Model 0-s000-2 with a Machlett OEG-60 tube. 
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gels cooled, they were sliced and measured 
in the spectrophotometer. The curve show- 
ing the relationship between H+ and optical 
density is shown in Figure 2. 

Dose-yield measurements were then 
made by exposing 5 mm. thick gel slices en- 
closed in a Mylar bag for varying lengths of 
time. Optical density measurements were 
made on the irradiated samples in the man- 
ner described above. The results were re- 
lated to the energy absorbed and are shown 
in Figure 3. A Gut = 135 +6 was obtained. 

Before proceeding with the rotational 
depth dose measurement, it was first neces- 
sary to establish the dose and energy in- 
dependence of the gel in the region of 
measurement. Consequently, a stationary 
cube of Mix D (5 5X5 inches) containing 
a gel cylinder was irradiated unilaterally 
and the depth dose distribution measured. 
A similar depth dose distribution was es- 
tablished with the use of ion chambers em- 
bedded at corresponding depths in a wax 
cube. The unilateral depth dose distribu- 
tion curve resulting from each measurement 
is given in Figure 4 and shows good agree- 
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Fic. 3. Dose-yield relation for trichloroethylene- 
bromcresol purple gel. 
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ment. A curve based on a half-value layer 
calculation shows the wide disparity be- 
tween calculation and experimental meas- 
urement. 

The results of the rotational exposure are 
shown in Figure 5. The midline values (7.5 
cm. point) for the stationary and rotated 
gels are 3+.28 and 3.3+.31 per cent air 
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Fic. §. Depth dose distribution in rotated dog phan- 
tom (s0 kv. peak roentgen rays, 0.25 mm. Al, 107 
cm. target-skin distance). 


dose, respectively. Although it is not desira- 
ble to attach any significance to the difter- 
ence, a calculation of the midline dose due 
to the rotational eccentricity of the phan- 
tom based on inverse square considerations 
alone gives an enhancement of .3 per cent. 
Other errors due to syneresis and hydrogen 
ion diffusion were introduced into the ex- 
periment when long irradiation periods 
(four hours) were found necessary to pro- 
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duce a measurable dose in the gel at 6 to 8 
cm. depths. 


CONCLUSIONS 


The techniques described above were 
employed in a difficult area of investigation 
and a satisfactory measurement was ob- 
tained. It is believed that the gel system is 
easily adaptable to very complex irradia- 
tion experiments. With proper calibration, 
it has the unique feature of directly meas- 
uring energy absorbed. Its use in certain 
radiation geometries provides access to 
values which are unobtainable by other 
methods. Furthermore, the system is ex- 
tremely versatile in that its Z can be varied 
over a wide range of values. Consequently, 
it emerges as a very worthwhile method for 
measuring radiation dose with particular 
application to radiobiology. 


SUMMARY 


A technique is described for depth dose 
measurements in tissue-equivalent material 
irradiated with low energy roentgen rays. A 
cylinder of tissue-equivalent wax (Mix D) 
simulating a dog’s body was cored at a right 
angle to its longitudinal axis to accommo- 
date a firm aqueous gel plug containing tri- 
chloroethylene bromcresol purple. 
This system was irradiated under both 
stationary and rotating conditions; the gel 
plug was removed and sliced for analysis. 
The change in H* concentration at various 
depths, due to irradiation decomposition of 
the trichloroethylene, was determined by 
means of optical density measurements. 
This change was related to energy ab- 
sorbed. In the region of investigation the 
Gut=135+6. The midline dose was es- 
tablished as 3.3 +.31 per cent of the free air 
dose for the rotated phantom. 


Dr. L. H. Gevantman, Code 931 
U. S. Naval Radiological Defense Laboratory 
San Francisco 24, California 
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ROENTGENOGRAPHIC VISUALIZATION OF LYMPH 
NODES AND LYMPHATIC CHANNELS* 


By HARRY W. FISCHER, M.D.,f and GEORGE R. ZIMMERMAN, M.D.t 


IOWA CITY, 


roentgenographic visualiza- 
tion of the lymphatic system for the 
purpose of showing abnormality of the 
lymph nodes should not be a completely in- 
soluble problem. Much is already known 
about the anatomy, physiology, and pathol- 
ogy of lymph nodes, but diagnosis of an 
abnormality is made almost entirely by 
biopsy and by histologic examination. 
Lymph trunks and lymph nodes of the 
cadaver have been demonstrated by injec- 
tion techniques in the anatomic laboratory 
since the early years of the Nineteenth 


Century. Roentgenographic visualization of 


lymph structures of living subjects held a 
brief interest in the late 1920’s and early 
1930's. Studies at this time were based 
mainly on the technique of injecting the 
contrast material into the tissue. Lymph 
nodes became opacified by the uptake of the 
contrast material from the tissue, its trans- 
port in the lymph trunks to the lymph 
nodes, and its retention there for a vari- 
able length of “T_ymphog- 
raphy,” and this term is advanced not as 
an original one but as a more convenient 
one than the term ‘“‘combined lymphangiog- 
raphy and lymphadenography,” then fell 
into disuse. Actually, lymphography by the 
tissue injection technique never passed the 
stage of exploration. If failed to establish 
itself as a clinical procedure, barely surviv- 
ing as an experimental technique. The rea- 
sons for this are two. First lymphography 
by interstitial injection of contrast material 
gave best results with the use of colloidal or 
particulate materials. When these were in- 
jected into the tissues, although some did 
pass up the lymph trunks to the ly mph 
nodes, a major portion remained at the site 
of injection.2? Early work was performed 
largely with thorotrast, because it was 


IOWA 


found to be the most satisfactory from 
many aspects, but the retention of large 
amounts of thorotrast in the tissues was 
soon realized to have its hazards. Other 
materials given a trial were red lead, bis- 
muth subcarbonate, collargol, and cinne- 
bar, but the injurious nature of these mate- 
rials is obvious. Secondly, success with 
interstitial injection in animals could not be 
paralleled in man. Either thorotrast is 
handled differently in man, as compared 
with the dog,! or the amounts of thorotrast 
needed for interstitial injection are pro- 
hibitive. Nowhere were we able to find a 
reference to visualization of finer details of 
lymph node structure by this method. Con- 
trast material was injected directly into 
the lymph nodes as early as 1931 by Car- 
valho et al.’ Surgical exposure of the lymph 
nodes is required for this method of lymph- 
ography, except for injection of superficial 
lymph tissue. Thus, the tonsils have been 
directly injected.2° Recently Bruun and 
Engeset® have injected enlarged lymph 
nodes in the groin in patients with lym- 
phoma. Pleural, pericardial, peritoneal and 
joint cavity injection of contrast material 
has also been the subject of trials.7:"-?5 Al- 
though lymph channels and lymph nodes 
have been roentgenographically visualized 
in this way in the laboratory animals, most 
of the colloidal contrast material remains 
within the serous cavities." Neither method 
is dependable for detailed visualization of 
lymph node abnormality. Inadvertent in- 
jection of contrast material into the 
lymphatics has occurred during retrograde 
pyelography and hy sterosalpingography. 
The present day era of interest in roent- 
genography of the ly mphatic system stems 
from the work of Kinmonth and co- 
workers'*:!® who introduced contrast mate- 


* From the Departments of Radiologyt and Pathologyf State University of Iowa School of Medicine, Iowa City, lowa. Presented 
at the Fifty-ninth Annual Meeting of the American Roentgen Ray Society, September 30—October 3, 1958. 
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rial directly into the lymph trunks. By first 
injecting colloidal blue dye into the toes, 
they made the trunks visible. The blue- 
green coloration facilitated their localiza- 
tion and dissection for the purpose of in- 
jecting the contrast material. Their main 
interest lay primarily in the opacification 
of lymph trunks for the investigation of 
lymphedema of the extremities. The use of 
the method for diagnosis of lymph node 
disease processes has been largely neg- 
lected.!:!.18.19.26.32 The present report is that 
of our own early explorations of the fea- 
sibility of lymphography by the direct in- 
jection of contrast material into the lymph 
trunks to supply useful clinical information 
on lymph node structure and functions. It 
was proposed to obtain primary informa- 
tion by producing lesions in the lymph 
nodes and trunks of the experimental ani- 
mal and thereby test the accuracy of 
lymphography in demonstrating the ab- 
normality. Once it had been determined 
that lymphography under controlled condi- 
tions could actually show lymph node 
changes similar to what would be expected 
of primary and secondary neoplasm in- 
volvement, clinical trial could proceed, 
provided a safe and reliable contrast 
agent was available. The second objective 
of this investigation was therefore the 
examination of various contrast media, to 
evaluate their comparative performance in 
lymphography and to assess their effects on 
lymph tissue by gross and histologic study. 

We might ask what would be the value of 
a clinical technique to show lymph node 
abnormality. In relation to metastatic 
carcinomaor direct involvementof lymphat- 
ics by tumor, the value of a technique in 
which intra-abdominal and pelvic metas- 
tases are demonstrated without laparot- 
omy is obvious. Treatment planning, 
either surgical or nonsurgical, could be 


- made wiser. To know that lymph nodes 


close to a tumor are involved may not be 
of great importance when these lymph 
nodes are customarily removed with the 
tumor at time of surgery, or treated with 
the tumor by radiation. Carcinoma spread 
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is predominantly by embolization in the 
lymphatics,** and distant lymph nodes can 
receive and retain emboli even when near 
lymph nodes are not completely involved. 
Knowledge of distant metastases, unob- 
tainable by any other method, then would 
be our major goal for lymphography. 


TECHNIQUE 


General. The dog was selected for the ex- 
perimental animal. The lymph trunks 
could be exposed and injected without un- 
due difficulty. The size of the animal, al- 
though far from ideal, of all the common 
laboratory animals most nearly approxi- 
mates that of the human in thickness of 
bone and soft tissue, allowing a reasonable 
comparison in regard to radiopacity of 
structures. The roentgenographic study, 
utilizing as high kilovoltage as is consistent 
with good exposure, approached clinical 
conditions. 

Selection of the popliteal lymph node for 
the site of production of lesions was based 
on its accessibility which afforded a mini- 
mum of surgical interference with the sur- 
rounding tissue. The popliteal lymph node 
in the dog is fairly constant in size, shape 
and position and with respect to its afferent 
and efferent lymph trunks. 

The lesions produced in the lymph node 
were obviously not identical to naturally 
occurring neoplastic processes. They were 
similar to neoplasm within the lymph node 
by virtue of replacement or displacement of 
normal lymph node parenchyma by ab- 
normality: the sterile abscess replaced nor- 
mal tissue with necrotic and inflammatory 
tissue; the polyethylene ball displaced nor- 
mal tissue. Like tumor in lymph nodes,” 
neither of these artificial lesions contained 
lymphatics, and so would not be expected 
to take up colloidal or particulate materials 
injected into the afferent trunks. Produc- 
tion of lymph node enlargement from acute 
or chronic inflammation could have been 
selected for study. Bruun and Engeset® and 
Zheutlin*® have already demonstrated this 
by lymphography with direct lymph node 
puncture and injection technique. To dem- 
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onstrate actual metastatic neoplasm in the 
lymph nodes of experimental animals was 
not pursued because of the many difficulties 
of obtaining such specimens, particularly in 
the dog. Since work was begun we learned 
of the work of Tjernberg”* in demonstrating 
metastatic neoplasm in rabbits. A defense 
of the artificial lymph node lesions in the 
present work is the ease of production and 
the reproductibility from lymph node to 
lymph node, and animal to animal. The 
use of the small abscess in the lymph node 
has an additional advantage of making 
available tissue with an altered functional 
status. 

Selection of the iliac chain of lymph 
nodes for the site of obstruction was based 
on its resemblance to the human inguinal- 
iliac-pelvic lymph node complex. Opportu- 
nities for demonstration of collateral lymph 
node circulation and the relationships be- 
tween the lymph node structures of the two 
sides of the body were available in this re- 
gional lymph node group. The visualization 
of characteristics of lymphatic obstruction 
by lymphography was to be considered as 
validatien of the method, even though neo- 
plastic obstruction would not occur in 
identical fashion. 

Evaluation of the qualities of the follow- 
ing contrast materials was made for roent- 
genography and tissue reaction: (1) water 
soluble media—35 per cent diodrast, 50 per 
cent urokon and 52 per cent cholografin; 
(2) fatty media—angiopac, ethiodol; (3) 
colloidal media and suspensions—thoro- 
trast, and 20 per cent suspensions of stannic 
oxide. 

In all the various parts of this work, 
lymphography was performed in §5§ ani- 
mals. 

Lymphography (Lymphadenography and 
Lymphangiography). In the experimental 
animal, contrast material was introduced 
directly into the lymph trunk of an ex- 
tremity close to the paw. A small incision 
was made adjacent to the peripheral course 
of the saphenous vein in the hind leg, or 
adjacent to the peripheral portion of the 
cephalic vein in the foreleg. This incision, 
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carried through the skin, need be no longer 
than 10-20 mm. In the hind leg, at least one 
lymph trunk courses along on each side of 
the saphenous vein. In the foreleg one or 
more lymph trunks run in relation to the 
cephalic vein. The trunks may be positively 
identified by the injection of blue dye (pat- 
ent blue, pontamine sky blue, or trypan 
blue) into the foot, the colloidal blue dye 
rapidly entering the fine tissue lymphatics 
and draining into the regional trunks. These 
trunks are seen as blue-green vessels of fine 
caliber. Once familiarity with their location 
and appearance is obtained, the use of blue 
dye is not needed for identification. With a 
minimum of dissection the whitish, almost 
transparent trunks are seen and recognized. 
Exercising of the paw increases lymph flow 
and distends the trunk, making it easier to 
see and find. 

A small opening is made in the trunk. An 
optical loupe is very useful in threading the 
catheter into the trunk. The catheter is 
secured in the trunk with a silk ligature and 
the contrast agent injected as desired. 

An alternative method of introducing the 
contrast material is to puncture the trunk 
with a No. 30 needle and inject the contrast 
material. This is now considered less de- 
pendable than the catheter method. With 
the catheter precise and varied volumes of 
material can be injected without fear of dis- 
lodgement from the trunk, the injection 
does not need to be hurried and saline can 
later be introduced to flush contrast mate- 
rial out of the lymphatic system. 

Roentgenograms are made after the in- 
jections of 1 to § cc. of contrast agent. 
Usually, 1 cc. will fill the popliteal or 
axillary lymph node. More is needed to 
visualize the iliac lymph nodes, the ab- 
dominal trunks and the thoracic duct. 

Production of Small Discrete Lesions in 
the Popliteal Lymph Nodes. (A) Polyethy- 
lene balls of 3-5 mm. in diameter were 
placed in popliteal lymph nodes in the fol- 
lowing manner: A short incision was made 
over the popliteal fossa of the dog. The con- 
nective tissues were divided exposing the 
popliteal lymph node. The lymph node was 
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incised, care being taken to disturb the 
afferent and efferent trunks and the node, 
in general, as little as possible. The poly- 
ethylene ball was inserted in the lymph 
node parenchyma and the lymph node and 
wound were closed with silk sutures. After 
two days lymphography was _ performed. 
(B) A sterile abscess was produced in the 
popliteal lymph node exposed in the same 
fashion. The electrocautery needle was in- 
serted in the lymph node parenchyma and a 
burst of current of standardized time length 
given. After a few days for healing of the 
wound to proceed, lymphography was per- 
formed. 

Production of Lymphatic Obstruction. 
Female dogs were laparotomized, and the 
region of the iliac vessels exposed. The most 
cephalad lymph node in the chain along the 
iliac vessels was dissected free of all sur- 
rounding tissue. Ligation and division of 
all vessels and attachments on the cephalad, 
medial, lateral, dorsal and ventral aspects 
of the lymph node were performed. Only 
the channels entering the lymph node from 
its distal aspect were allowed to remain un- 
disturbed. The lymph node was _ then 
placed back in its bed and the abdomen 
closed. Lymphography was performed one 
to two weeks later. 

Histologic Study. Introduction of con- 
trast material into the lymph trunks and 
lymph nodes was carried out uniformly in 
all dogs with sterile technique as described 
above. Roentgenograms were made to 
ascertain that the contrast material was 
actually in the lymph nodes and trunks. 

At designated intervals after injection of 
the contrast material, one, three, seven, 
fourteen and thirty days, the lymph nodes 
were removed and fixed in formalin. After 
paraffin embedding, one or more sections at 
7 micra thickness were cut from each lymph 
node and stained with hematoxylin and 
eosin. These sections were then examined 
and evaluated (by GRZ) without knowl- 
edge as to the type of material injected or as 
to the time elapsed since injection. Op- 
erated (catheterized afferent lymphatics 
without injection) and unoperated controls 
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were included with the injected lymph 
nodes. Stains for fat and iron were done 
when they seemed indicated. 


RESULTS 


A summation of the results must com- 
bine statements of success or failure in ac- 
complishing the original objectives of these 
experiments, plus a discussion of the ad- 
vantages and disadvantages of the individ- 
ual contrast agents in attaining these ob- 
jectives. In addition, comments are appro- 
priate on ideal conditions for lymphog- 
raphy, which are not dependent upon the 
use of particular contrast agent. 


ROENTGENOGRAPHIC APPEARANCE 


From the assembled evidence, lymphog- 
raphy with the present technique is capa- 
ble of demonstrating small lesions within 
the lymph node. 

Polyethylene spheres of small size, 3 to 
5 mm. in diameter, when operatively em- 
bedded in the parenchyma of popliteal 
lymph nodes were invariably visualized by 
contrast material as negative filling defects 
(Fig. 1). This was true, regardless of the 
contrast material utilized, but thorotrast, 
stannic oxide suspensions, angiopac and 
ethiodol gave somewhat better visualiza- 
tion than the water soluble organic iodides. 

Sterile abscesses in the lymph node 
parenchyma produced by electrocautery’ 
were shown by contrast visualization of the 
popliteal lymph node (Fig. 2). Here the 
choice of the contrast material was very 
important in the success of demonstrating 
the lesion. Thorotrast, stannic oxide and 
ethiodol were satisfactory, the lesion ap- 
pearing as a small central radiolucent zone, 
surrounded by a band of opacity more dense 
than the remainder of the lymph node (Fig. 
2). From the gross and histologic studies of 
the lymph node, the central zone was one 
of necrosis, and the surrounding zone was 
one of inflammatory tissue. The contrast 
material did not flow into the necrotic 
zone, producing the radiolucency. The 
band of inflammatory tissue evidently has 
a capacity of allowing relatively more con- 
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Fic. 1. Excellent contrast visualization (ethiodol) of 
a simulated metastasis in a popliteal lymph node. 
A polyethylene ball had previously been surgi- 
cally embedded in the lymph node. In this and 
other lymphograms, contrast material was in- 
jected directly into the afferent lymph trunks. 


trast material to enter the area, or to retain 
to a higher degree the contrast material 
flowing through it. It is possible that the 
macrophages of the area have increased 
phagocytic abilities for, when saline is 
flushed through the lymph node, the in- 
flammatory zone retains more colloidal 
contrast material than does the normal 
lymph node parenchyma. 

The visualization of an electrocautery 
abscess by diodrast and urokon was notably 
unsuccessful (Fig. 3, 4, B and C). This is 
thought to be due to the high rate of dif- 
fusibility through tissue of the water solu- 
ble organic iodides. Diffusion into inflam- 
matory tissue and necrotic tissue is prob- 
ably not sufficiently different to distinguish 
these areas from normal tissue. A lympho- 
graphic contrast material which diffuses 
rapidly through tissue is a disadvantage. 
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lic. 2. Contrast visualization (thorotrast) of a small 
sterile electrocautery abscess in a lymph node. 
Central radiolucent zone is necrotic area, denser 
border is band of inflammatory tissue. 


The preceding statements on contrast 
material were made relative to the demon- 
stration of lymph node lesions, but they 
also apply to visualization of normal lymph 
node and trunk structural details (Fig. 4, 
A, Band C). 

It should be emphasized that the present 
set of experiments is by no means a statis- 
tical study of the ability of a contrast 
material to show a lymph node lesion. Only 
gross estimates can be made of the effi- 
ciency of the materials under conditions 
which were as uniformly controlled as 
possible, in a limited number of animals. 
Some variability in the reparative response 
of each lymph node to the electric current 
may explain some instances of failure in 
demonstrating an abscess. Regardless of 
change in techniques, the high rate of diffu- 
sion, which is a disadvantage and which 
cannot be foreseen to be of advantage un- 
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Fic. 3. The tendency of water soluble contrast 
agents to diffuse rapidly through the tissue 
does not allow distinct visualization of 
lymph node and trunk detail. (4) Lymph 
node after injection of urokon 50 per cent. 
(B) Lymph node after injection of angiopac, 
not a soluble material but a suspension of 
iodized fat particles, for comparison. Note 
better detail with angiopac. (C) Lymph 
node after injection of urokon 50 per cent. 
An abscess in this lymph node is concealed 
by the contrast material and its rapid dif- 
fusion. 
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Fic. 4. Soluble organic iodide contrast agents 
of high diffusibility do not give clear visuali- 
zation of lymphatic structures, especially 
after more than minimal amounts are in- 
jected. (4) Lymph trunks of foreleg after in- 
jection of 1 ml. of 50 per cent urokon, and 
(B) after 5 ml. of urokon. (C) Opposite 
limb after injection of 5 cc. of 35 per cent 


diodrast. 
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der other conditions, will remain character- 
istic of this group. 

Lymphography was capable of demon- 
strating obstruction of the lymphatic sys- 
tem. The findings considered to be char- 
acteristics of an obstructed system, similar 
to those of obstructed arterial or venous 
systems, are (1) absence or partial flow in 
normal channels, (2) presence of abnormal 
channels which appear to circumvent the 
obstruction, and (3) dilatation of channels 
before and about the obstructed subject. 

Figure 5, 4 and B is a typical example 
of lymphography demonstrating lymphatic 
obstruction. The right iliac chain of lymph 
nodes had been operatively obstructed at 
the point indicated by the arrow two weeks 
previous to the performing of lymphog- 
raphy. The structures on the left side are 
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those of a normal, unobstructed system 
with free cephalad flow of contrast material. 
Visualization (thorotrast) only of ipsilateral 
lymph nodes and trunks is evident. There 
are no small collateral vessels nor is there 
filling of contralateral lymph nodes and 
trunks. The lymphogram of the right shows 
poor cephalad flow of contrast material on 
the obstructed side along with indistinct 
outlining of the ipsilateral lymph nodes. 
Many fine collateral vessels are seen, some 
running cephalad, but many crossing over 
the midline, there filling contralateral 
lymph nodes and trunks. Cephalad flow is 
much more conspicuous on the side oppo- 
site the obstruction. Dilatation is not ob- 
served in this animal, and only minimal 
dilatation was seen in other animals. De- 
spite the adherence to the same procedure 


Fic. 5. Demonstration of lymphatic obstruction by lymphography using thorotrast. The lymph trunks had 
been surgically obstructed above a high iliac lymph node on the right side (arrow). (4) Lymphogram of 
normal left side. Free cephalad flow of contrast material, visualizing well the ipsilateral lymph nodes, but 
without evidence of collateral or accessory channels. No contrast material has crossed the midline in the 
pelvis. (B) Obstructed right side. Lymphogram shows poor cephalad flow of contrast material on the ob- 
structed side. The ipsilateral lymph nodes are not distinctly visualized. Many fine collateral lymph vessels 
are seen, some running cephalad, many crossing the midline. Filling of the contralateral lymph nodes is 


observed. 
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in producing obstruction, some individual 
variation must be expected in the ease and 
speed of formation of collateral channels 
and re-establishment of cephalad flow of 
lymph and such was reflected on the 
lymphograms. 

Too little contrast material within a 
lymph node could be a source of misinter- 
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pretation of the normality or abnormality 
of a lymph node. Lesions produced: in 
lymph nodes, either of the polyethylene ball 
type or the sterile abscess type, could not 
be definitely and completely visualized un- 
less the contrast agent had filled the lymph 
node (Fig. 6, 4 and B). On the other hand, 


too much contrast material had a tendency 


Fic. 6. Too little contrast material does not 
adequately visualize a lesion (within the 
lymph node). Too much contrast material 
may conceal the lesion. (4) Lymph node 
after injection of insufficient amount of 
thorotrast. A polyethylene ball embedded in 
the lower pole of the lymph node is not well 
visualized, nor is an abscess lesion in the up- 
per pole. (B) Same lymph node adequately 
filled by contrast material. Thelesionsare now 
distinctly shown. (C) Same lymph node in- 
jected with an excessive amount of contrast 
material. The abscess is concealed, the poly- 
ethylene ball is still visible. 
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Fic. 7. An essential point in lymphographic tech- 
nique is the selection for injection of a trunk suffi- 
ciently distal, so that all lymph nodes in a regional 
group will have the best opportunity for filling. 
If the trunk were injected at the point indicated 
by the upper arrow, some lymph nodes of the 
inguinal-iliac group would not be filled by contrast 
material. Injection at the point indicated by the 
lower arrow or below this point allows maximal 
filling of the regional lymph nodes. 


to obscure the lesions within the lymph 
node (Fig. 6C). Both of these statements 
held true regardless of the contrast agent 
utilized. 

A point in successful lymphography is the 
selection for injection of a trunk sufficiently 
distal to a regional lymph node group. 
When a trunk in the immediate proximity 
to a group of lymph nodes is chosen for the 
injection, some of the lymph nodes may not 
be visualized; 7.e. the contrast material, 
instead of flowing into all lymph nodes of 
the group, fills only some lymph nodes. It 
would also be possible to select for injec- 
tion a trunk which would bypass the re- 
gional lymph nodes and carry the contrast 
material to the thoracic duct (Fig. 7). 
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In some instances in which lesions were 
visualized in the lymph nodes by lymphog- 
raphy, an attempt was made to remove 
the contrast material from the lymph node 
by flushing warm normal saline solution 
through the lymph node and trunks. The 
small catheter which still lay in the trunk 
at the injection site allowed this procedure. 
Particles of contrast material, such as 
present in colloidal thorotrast or suspen- 
sions of stannic oxide, were in large part re- 
moved from normal lymph node _paren- 
chyma by the saline flushing, but in an 
abscess zone an unusual number of particles 
were retained (Fig. 8, 7 and B). More and 
more rapid phagocytosis by the macro- 
phages around the central area of necrosis 
in the abscess is believed to account for this 
phenomenon. 

A disadvantage of certain fatty agents 
was the tendency of the column of contrast 
material to fragment and the resultant 
formation of globules in the lymph trunks, 
as evidenced when ethiodol was used (Fig. 
g). Another disadvantage of fatty materials 
was the formation of pulmonary emboli 
when the material entered the systemic 
circulation via the thoracic duct. Figure 10, 
A and B illustrates the same area of the lung 
before and after a foreleg lymphography 
using ethiodol. Neither fragmentation and 
formation of globules nor pulmonary em- 
bolization were noted with angiopac, al- 
though it is classed as a fatty compound. 
Smaller particle size and a better propensity 
for mixing with plasma without clumping of 
particles may be responsible for the be- 
havior of angiopac. 

A low viscosity is desirable for lymphog- 
raphy. High viscosity of a contrast agent 
makes difficult the injection through small 
caliber tubing and needles. It seems reason- 
able that low viscosity fluids would have an 
easier flow through the fine lymph chan- 
nels within the lymph node and the afferent 
and efferent trunks of small caliber, thus 
visualizing structures in more complete fash- 
ion. Thorotrast has a moderately high vis- 
cosity and ethiodol has a very high viscosity. 

We found the present suspensions of 
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Fic. 8. Retention of particles of contrast material in the lymph node after flushing with saline may give 
information of the functional status of the lymph node. (4) Lymph node filled with particles of thoro- 
trast. Abscess lesion noted. (B) After flushing with saline. Many of the contrast particles have been re- 
moved from the normal lymph node parenchyma, but an unusual number of particles remain in the 


inflammatory zone clearly delineating it. 


stannic oxide to have the disadvantage of 
containing particles too large for free and 
easy passage through the lymph node. 
Large particles once trapped in the lymph 
node, and in some cases emboli of stannic 
oxide particles, were seen in small trunks 
and tended to remain there for long peri- 
ods. 

The response of the lightly anesthetized 
animal to injection of contrast material into 
the lymph trunk was not easy to evaluate. 
On several occasions the animal gave evi- 
dence of being in pain upon introduction of 
water soluble iodides, but not upon injec- 
tion of the other contrast agents. 


HISTOPATHOLOGY 


Many lymph nodes varied from the 
strictly normal in minor ways. Mild to 
moderate degrees of hyperplasia of the 


reticuloendothelial cells and mild hyper- 
plasia or atrophy of the lymphoid com- 
ponent were common. These changes are so 
frequent in ostensibly normal lymph nodes 
in humans, and evidently also in dogs, that 
their exact significance is equivocal even in 
studies much more extensive than this. 
When attempts to correlate these changes 
with the introduction of contrast media 
failed and the changes were of ordinary 
degree, their occurrence was omitted in the 
individual descriptions of the tissue reac- 
tions to the contrast media. Several lymph 
nodes removed within a week after injec- 
tion were mildly fibrotic, but in all instances 
the fibrosis obviously antedated the injec- 
tions. Erythrocytes were found in the 
sinuses of some of the recently injected 
lymph nodes, and after longer time lapses 
the reticuloendothelial cells contained blood 
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lic. 9. The fatty contrast agent, ethiodol, has a 
tendency to break up into globules when injected 
into the lymph trunks. 


pigment; this was attributable to the sur- 
gical procedures. 

A summary of the tissue response to each 
of the tested materials follows. 

Diodrast 35 Per Cent. A lymph node re- 
moved one day after injection of diodrast 
had numerous neutrophils and a few eryth- 
rocytes in the central and_ peripheral 
sinuses. There was no demonstrable necro- 
sis. Another lymph node removed three 
days after injection had only occasional 
neutrophils in the sinuses but appeared nor- 
mal otherwise. Six and fourteen days after 
injection there was no apparent abnormal- 
ity. The lymphatic vessels were normal in 
all these cases. 

In a lymph node removed twenty-one 
days after injection, there was patchy 
neutrophilic infiltration of arteriolar walls 
and of the perivascular connective tissue. 
The vessel walls otherwise appeared nor- 
mal. In some places the neutrophilic infil- 
trate extended into the lymph node stroma 
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and lymph node capsule. There was also an 
intense plasma cell infiltration of many 
parts of the lymph node. 

Urokon 50 Per Cent. Sections of lymph 
nodes removed one day, three days, six 
days, two weeks, three weeks, and one 
month after injection showed no anatomic 
changes attributable to the contrast medi- 
um. In the lymph node removed one day 
after injection, there were numerous eryth- 
rocytes and neutrophilic leukocytes in the 
lymph node sinuses. The lymphatic vessels 
were normal. There were active focal fibro- 
sis and an old hemorrhage in one pole of a 
lymph node removed two weeks after in- 
jection, and the adjacent adipose tissue 
showed healing fat necrosis. This reaction 
was considered due to trauma since longer 
intervals after injection resulted in no such 
changes. 

Cholografin 52 Per Cent. Lymph nodes re- 
moved one day, three days, two weeks, 
three weeks, and one month after injection 
were essentially normal. There were a few 
plasma cells in the sinuses of the lymph 
nodes removed three days and two weeks 
after injection, and in a lymph node re- 
moved three weeks after injection there 
were a few neutrophils and some erythro- 
cytes. The latter were attributed to a veni- 
puncture on that extremity. The lymphatic 
vessels were all normal. 

Angiopac. At the end of one week, most 
of this material was distributed along the 
sinuses as small globules phagocytosed by 
single reticuloendothelial cells. There were 
also larger globules walled off by foreign 
body giant cells, but coalescence of the 
smaller globules and the foreign body giant 
cell reaction were better developed two 
weeks after injection. In one of the dogs at 
two weeks there was patchy infiltration by 
neutrophils; this was attributed to infection 
since there was no constancy between the 
location of lipid and inflammatory response. 
In the lymph node of another dog, three 
weeks after injection there was no acute 
cellulitis. Two months after injection, the 
contrast medium was in large spherical 
aggregates around which there were thick 
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Fic. 10. Another disadvantage of ethiodol is embolization of globules in pulmonary vessels. The globules 
enter the pulmonary vessels via the thoracic duct and the systemic veins. (4) Lung before lymphography. 
(B) After foreleg lymphography with 5 ml. of ethiodol. 


cuffs of epithelioid cells. In the centers of 
some of these globules the epithelioid cells 
had undergone coagulation necrosis, and 
there was a moderate neutrophilic infiltra- 
tion in the necrotic areas. Between other 
clumps of large globules there were areas of 
fibrosis. 

Ethiodol. Sections were examined from 
lymph nodes removed four days, one week, 
two weeks, three weeks, and one month 
after injection. Up to the end of two weeks 
there was only a foreign body reaction 
similar to that of angiopac. Three weeks 
after injection, there was a slight neutro- 
philic infiltrate of the sinuses of the lymph 
node, and in the same dog four weeks after 
injection there were considerable numbers 
of neutrophils and some plasma cells in 
these areas. The foreign body reaction to 
the retained oil persisted. The lymphatic 
vessels were normal. 

Thorotrast. This caused a simple hyper- 
plasia of the reticuloendothelial cells of the 


lymph node sinuses, the intensity of which 
was apparently related to the amount of 
colloidal contrast medium retained in the 
lymph node. In a lymph node removed one 
month after injection, in which there was a 
tremendous amount of phagocytosed thoro- 
trast, the lymphoid tissue was relatively, 
and probably also absolutely, diminished. 
In other lymph nodes removed eight days, 
three weeks, and one month after injec- 
tion, there was, with one exception, no 
other histologicaly demonstrable tissue re- 
sponse to the particles of contrast medium. 
The exception was found in an iliac lymph 
node removed eight days after injection. 
It consisted of typical infiltration and epi- 
thelioid and Langhans’ type cell formation. 
These lesions were almost devoid of the 
granular contrast material and were con- 
fined to one pole of the lymph node, 
whereas the thorotrast was widely distrib- 
uted through the lymph node. Nor did 
another injected lymph node from the right 
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hind limb of the same animal show similar 
lesions. Stains for acid fast organisms and 
for fungi were negative. It was concluded 
that the focal granulomatous response 
probably was unrelated to the contrast 
material. 

Stannic Oxide. In the lymph node the re- 
sponse was purely one of hyperplasia of 
reticuloendothelial phagocytes, geared to 
the quantity of tin introduced, and of 
phagocytosis of the contrast material. As 
with thorotrast, massive retention of the 
tin oxide apparently produced pressure 
atrophy of the lymphoid tissue. One would 
expect this to be reversible with appro- 
priate stimulation, but this supposition was 
not tested. 

Some of the afferent or efferent lymphat- 
ics were occluded by masses of contrast 
medium, some in phagocytes and some free. 
These masses were slowly undergoing or- 
ganization. Extravasated material in the 
perilymphatic soft tissues did not induce 
any appreciable fibrosis two months after 
injection. Even one day after injection, 
only an exceedingly mild acute inflamma- 
tory cell reaction was observed, and this 
could not be distinguished from coinci- 
dental mild infection or trauma. 


DISCUSSION 


The possible importance of these experi- 
ments rests on the assumption that the 
roentgenographically visualized lesions pro- 
duced in the lymph nodes of experimental 
animals sufficiently resemble metastatic 
neoplasm in man. This assumption appears 
justified. Visualization of a lymph node 
when it is entirely replaced by a tumor 
would not be expected, just as lymph nodes 
completely replaced by neoplasm do not 
pick up radioactive colloids injected into 
tissue.” Partial replacement and displace- 
ment of lymph nodes by metastatic cancer 
should not interfere with visualization of 
the remaining normal parenchyma, just as 
colloids are taken up by lymph nodes only 
partially replaced with cancer when these 
colloids are injected into tissue or into affer- 
ent Tjernberg”® has actually 
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visualized roentgenographically carcinoma 
in the lymph nodes of rabbits. Although 
there may be differences in the appearance 
of neoplasm i in lymph nodes of animals com- 

pared with metastatic carcinoma in man, 
Sieben work proves conclusively the 
value of the method. Very recently Col- 
lette® has submitted a clinical report which 
deals with the next stage of lymphography, 
investigation of inguinal-iliac-pelvic lymph 
nodes in carcinoma of the uterine cervix 
and other pelvic tumors. Already he has 
found lymphography of value in detecting 
involvement of pelvic lymph nodes when 
there was no clinical suspicion of extension 
of carcinoma. 

Difficulties in successful lymphadenog- 
raphy in man are anticipated from in- 
formation already available, although clin- 
ical lymphangiography appears well es- 
tablished.'"*° Cannulation of a lymph 
trunk is more difficult in man than in the 
dog, at least in our hands. The trunks in 
man seem smaller and more fragile, and 
more likely to go into spasm upon manip- 
ulation. 

Knowledge of the normal pattern of 
lymph nodes and its variations in the 
human will be essential before pathologic 
variations can be detected and evaluated. 
Dogs’ lymph nodes are considerably fewer 
and larger than those of man." If all nodes 
do not visualize upon lymphography with 
reasonable certainty in humans without 
disease process, it will be most difficult if 
not impossible to certify that nonvisualiza- 
tion of lymph nodes in a regional group 
suspected of harboring metastatic carci- 
noma indicates lymph node replacement or 
obstruction by neoplasm. Eichner et a/.” 
found pelvic inflammatory disease to influ- 
ence staining of regional lymph nodes when 
blue dye was injected into the female ex- 
ternal genitalia. 

It is realized that the popliteal lymph 
node in the dog was an ideal location to 
demonstrate a small lymph node lesion. 
Roentgenographic technical considerations 
will be less than ideal in the human. Be- 
cause of patient thickness and overlying 
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bone, small lymph node metastases may be 
dificult to visualize. Unforeseen, in addi- 
tion to these foreseen, difficulties may pre- 
vent lymphography in the diagnosis of 
lymph node lesions to be of value in man. 

The choice of a contrast material requires 
more than a few comments. Roentgeno- 
graphically, thorotrast is the best agent to 
use. It demonstrates very well the finer de- 
tail of lymph nodes and trunks and demon- 
strates the lymph node lesions herein 
studied. Thorotrast of good radiopacity 
does not diffuse from the trunks or through 
the lymph nodes. The fatty material, 
ethiodol, otherwise suitable roentgeno- 
graphically, has the disadvantage of tend- 
ing to form small globules within the 
trunks. Soluble iodides have pro- 
nounced disadvantage of diffusing so rap- 
idly through the wall of the lymph trunk 
and the channels within the lymph node 
that important detail is obscured. Origi- 
nally, investigation of diodrast and urokon 
was planned as representative of the or- 
ganic iodide group. Upon learning that 
Tjernberg?’ advises cholografin as a suitable 
agent, we also submitted it to roentgeno- 
graphic and histologic testing. Cholografin 
diffuses much less than diodrast and uro- 
kon, and therefore gives more distinct 
visualization. Stannic oxide suspensions in 
their present state of having some particles 
of large size are not suitable for clinical use. 
The suspensions of stannic oxide, of good 
radiopacity, do not diffuse out of the lymph 
trunks or lymph nodes. 

As improved nonradioactive colloidal 
preparation or suspension would be rec- 
ommended as the agent of choice. We be- 
lieve a colloidal agent is preferable, since 
by its nondiffusibility it would not only 
stay well in the lymph channels and visual- 
ize the lymph nodes and their lesions, but 
would, by being subject to phagocytosis, 
serve also as a functional test. 

A contrast material which can be re- 
moved from the lymph nodes after com- 
pletion of the diagnostic procedure would 
have both advantages and disadvantages. 
If a contrast material can be removed after 


Roentgenographic Visualization of Lymph Nodes 531 


usage, toxicity becomes less of a problem. 
However, the flushing of contrast material 
out of the lymph node by saline, as de- 
scribed, results in the colloidal material en- 
tering the systemic venous circulation via 
the thoracic duct and eventually being 
phagocytosed by the phagocytic cells of the 
liver and spleen. The site of possible toxi- 
city is only shifted from the lymph node to 
the liver and spleen. A completely nontoxic 
material, whether it be long retained or 
metabolized and excreted, would be highly 
desirable. Retention of contrast material 
in a lymph node may be advantageous in 
showing changes in structure and position 
of the remaining lymph nodes in the post- 
treatment period. 

For evaluation of the tissue response to 
the contrast material, interpretation of 
histologic changes was made with great cau- 
tion, because lymph node structure is out- 
standingly labile and notoriously difficult to 
shield from influences extraneous to the ex- 
perimental manipulations. The lability of 
the lymph node structures, on the other 
hand, is advantageous in that it facilitates 
the demonstration of any consistently 
deleterious effects of the injected contrast 
medium. 

On the basis of this study and its limita- 
tions, we have found no definite evidence of 
damage to tissue from the intralymphatic 
injections of diodrast, urokon, cholografin, 
thorotrast, and stannic oxide. Naegeli and 
Lauche* found necrotic areas in lymph 
nodes containing thorotrast. They exam- 
ined lymph nodes that had retained the 
contrast material for two to three years 
following its transport from liver and 
spleen, where it had originally been intro- 
duced by intravenous injection. The longer 
time of retention and the possible differ- 
ences which might ensue from transport of 
material prevent a comparison with their 
statements. Likewise, we cannot compare 
our findings to those of Harris.!’ He de- 
scribes lymph node atrophy and fibrosis 
from thorotrast, but does not state the 
time of retention of material within the 
lymph node. 
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The late effects of thorium dioxide, a 
radioactive compound, have been ade- 
quately described and discussed elsewhere. 
Our short period of observation would not 
be expected to show these changes. 

Late lymph node changes might also be 
found if the study were extended in time 
for stannic oxide. However, long term re- 
tention of stannic oxide in the lungs, ex- 
tending for as long a time as twenty years, 
has not shown necrosis or progressive 
fibrosis.!* 

Because of the necrosis and granulo- 
matous reaction and fibrosis in the angiopac 
lymph nodes and because of the foreign 
body reaction about the retained droplets 
of ethiodol, we feel these two contrast 
agents cannot be recommended for clinical 
use. Early necrosis in the cortex of the 
thoracic lymph nodes as described by 
Bennett and Shivas‘ after intraperitoneal 
injection of angiopac was not seen. (It 
should be stated that the angiopac of our 
studies was already outdated by the supply- 
ing company, Union Chimique Belge. The 
material is no longer being supplied for 
clinical use.) 

Umbradil (diodrast) is said to cause 
tissue necrosis when used for microlymphan- 
giography,® but the conditions of injec- 
tion in rabbit ears cannot be related to our 
intralymphatic injection techniques. 


THERAPEUTIC POSSIBILITIES 


Information gained from lymphography 
suggests a therapeutic approach to lymph 
node disease. Injection of therapeutic 
agents, radioactive or otherwise, directly 
into lymph trunks ought to be more effec- 
tive in getting these agents to the lymph 
nodes than interstitial injection.*® The in- 
terstitial injection of radioactive colloids in- 
to tissues is not a dependable method of 
reaching lymph nodes partially replaced or 
wholly replaced by metastatic neoplasm, 
and is not even a reliable method for direct- 
ing colloids to lymph nodes totally unin- 
volved by The factors 
whereby the phagocytic cells of a lymph 
node engulf and retain a particle of thera- 
peutic (or diagnostic) agent are largely un- 
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known. The problems are related to those 
of phagocytosis of particles from the cir- 
culating blood by the reticuloendothelial 
cells of the liver and spleen. Walker*? 
found colloids of larger molecular weight to 
be better retained in lymph nodes than 
smaller colloids when he injected yttrium 
citrate colloids directly into afferent trunks. 
Phagocytosis and retention of particles are 
probably dependent upon the surface of the 
particle, or the protective colloid coating 
the particle. Hahn and Carothers'® found 
that silver colloids move to the lymph nodes 
more readily than gold colloids when they 
were injected in tissue. In this laboratory it 
was noted that gelatin coated and uncoated 
stannic oxide suspensions are retained more 
firmly in peripheral lymph structures than 
dextrin protected stannic oxide suspensions. 
This may in part be due to differences in 
particle size of the different suspensions. 
Similarly, thorotrast can be flushed from 
lymph nodes to a great degree by saline 
solution, but ethiodol cannot. Again, 
whether this is due to surface character- 
istics of the individual particle or to particle 
size cannot yet be ascertained. Were com- 
plete knowledge available of the factors of 
phagocytosis and retention in lymph nodes 
a much more effective therapeutic attempt 
could be made. Likewise, if we knew the 
disposition of lymphoma for phagocytosis 
and particle retention, therapeutic agents 
could be appropriately selected and intro- 
duced directly into the afferent lymphatics 
of a regional lymph node group involved 
with lymphoma. These are very interesting 
and important subjects for further study. 
To transport a therapeutic agent directly 
into the involved tissue without harming 
other tissue is an attractive idea. 

Direct injection of therapeutic materials 
into lymph trunks to combat metastatic 
neoplasm is limited by the knowledge that 
a lymph node completely replaced by can- 
cer will not take up colloids. Tumor tissue 
has nolymphatics.* It seldom is phagocytic. 
When a lymph node is only partially in- 
volved by cancer, the remaining lymphoid 
tissue can take up colloids. It is in this type 
of situation where a modification of the 
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advocated method of lymphography would 
be best suited. If enough radioactive colloid 
is taken up by the lymphoid tissue and if 
the range of beta radiation is adequate, 
areas of cancer in lymph nodes could be 
effectively irradiated.* Little radioactivity 
need be delivered to adjacent tissue. The 
irregularity with which interstitially in- 
jected colloids reach regional lymph nodes 
might be overcome. When many lymph 
nodes are entirely replaced by cancer, it is 
doubtful that this suggested technique of 
carrying therapeutic agents to the lymph 
nodes would be helpful. Possibly some 
palliative benefit could ensue from attempt- 
ing to fibrose with radioactive materials 
the lymph trunks about a region of cancer- 
ous lymph nodes in order to keep the tumor 
more localized. 


SUMMARY 


On the basis of the animal experimental 
evidence presented, it is concluded that di- 
rect. injection lymphangiography and 
lymphadenography are capable of demon- 
strating small lymph node lesions and capa- 
ble of demonstrating lymphatic obstruc- 
tions. The knowledge that such artificial 
lesions are demonstrated suggests that 
roentgenographic visualization of lymph 
nodes and trunks in humans by peripheral 
injection techniques may be utilized to de- 
tect involvement of lymph structures by 
metastatic neoplasm or invasion of lymph 
structures by neoplasm. Clinical potential- 
ities, however, can not be predicted without 
adequate trial. An investigation of the 
suitability of present day contrast materials 
for lymphography has been made. The 
possibilities of modifying techniques and 
contrast materials to make lymphography 
more of a functional procedure for anatomic 
visualization are commented upon. 
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HE necessity of ascertaining safe levels 

of exposure to ionizing radiations has 
been brought persistently and more com- 
pellingly to our attention in recent years. In 
general, sources of radiation may be 
thought of as being external or internal in 
relation to the body. External sources, 
with the exception of those contributing to 
natural background, can be identified with 
relative ease and the hazards minimized by 
appropriate shielding and the use of bar- 
riers or by simply removing the individual 
from the source. Internal sources are more 
insidious in the effects which they produce 
and are frequently more difficult to detect 
and to avoid. Their presence often consti- 
tutes an irrevocable source of irradiation, 
dificult to analyze as to dosage and pre- 
senting an unusual hazard due to a greater 
relative biologic effect because of the na- 
ture of the rays they emit and because of 
their proximity to the tissues. 

With an ever increasing utilization of 
various types of reactors in industrial ap- 
plications and the occurrence of long-lived 
radioactive elements in the fall-out result- 
ing from the detonation of nuclear devices, 
the need for accurately determining permis- 
sible levels of exposure becomes very im- 
portant. 

During the past few decades we have 
been provided with valuable investigative 
material, albeit inadvertent, from which 
certain deductions were made. Looney' has 
pointed out that persons having received 
radium, radon and thoron internally for 
therapeutic purposes, patients who have 
been given thorium dioxide injections in 
diagnostic contrast studies and the ill-fated 
luminous dial workers comprised the 
principal clinical material upon which 
these deductions were based. The late 
sequelae occurring as the result of intoxica- 
tion from these long-lived radioactive 
sources have been extensively documented 


INTERNAL DEPOSITION OF LONG-LIVED 
RADIOACTIVE SUBSTANCES 


and further studies are in progress. The 
means by which such information has been 
obtained in the past has been rather in- 
direct and in some instances extremely 
complex. Urinary and_ fecal. excretion 
studies, roentgenographic demonstration of 
skeletal alterations, the recognition of pro- 
gressive and often irreversible depletion of 
the hematopoietic system, and other sim- 
ilar investigations have been supplemented 
by ashing tissue specimens and exposing 
autoradiographs on autopsy material. Fur- 
thermore, since most of these changes do 
not occur for many years, fifteen to thirty- 
five years in the case of radium and fifteen 
to twenty years in the case of thorotrast,! 
careful observations over long periods of 
time were necessary in order to arrive at 
some definite conclusions. 

In addition to this case material, Palmer 
and Queen? have determined the concen- 
tration of radium in cadavers from the 
Pacific Northwest but without a history of 
exposure to radium. Their results agreed 
well with those of previous similar studies. 
The magnitude of the natural body burden 
of radium of average individuals has been 
established in this manner. 

Marinelli? has studied the content ot 
drinking water in various sections of the 
country and related these data to the ef- 
fects on skeletal tissues. He emphasized 
the need for studying those patients with 
known deposition of radioactive materials, 
irrespective of the presence of symptoms. 
It is from this group, in addition to those 
who have developed complications of clini- 
cal degree, that more accurate information 


1 Looney, W. B. The initial medical and industrial use of 
radioactive materials (1915-1940). Am. J. RoenrcENot., Rap. 
TuHerapy & Nuc.ear Mep., 1954, 72, 838-848. 

2 Parmer, R. F., and Queen, F. B. Normal abundance of 
radium in cadavers from the Pacific Northwest. Am. J. Roent- 
GENOL., Rap. THerapy & Nuciear Mep., 1958, 79, 521-529. 

3 MarineELul, L. D. Radioactivity and the human skeleton. 
Am. J. Roentcenot., Rap. THerapy & Nuctear Mep., 1958, 


80, 729-739. 
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can be gained. 

Although the persons who harbor in- 
creased amounts of internally deposited 
long-lived radioactive substances may be 
numbered in the thousands—the potenti- 
ality of more widespread radioactive ex- 
posure exists today. In particular, two long- 
lived radioelements resulting from nuclear 
detonations are of interest in this respect. 
Strontium go with a half life of twenty-five 
years and cesium 137 with a half life of 
thirty years are beta particle and gamma 
ray emitters, respectively. They are car- 
ried to stratospheric heights, become widely 
disseminated and then fall out slowly. De- 
spite these dilution and time factors, the 
increased occurrence of these elements has 
been demonstrated in human subjects. 

It has become highly desirable to ac- 
curately measure the naturally occurring 
radioactivity in the body so as to be able 
to detect any increase that may occur. 
Ingenious methods of externally measuring 
body radioactivity have been devised and 
have been described in Supplement No. 7 
of the British Fournal of Radiology.’ High 
pressure ionization chambers and scintilla- 
tion counters of 47 liquid (Los Alamos) or 
thallium-activated sodium iodide type en- 
able the measurement of K*° in the body 
as well as of other naturally occurring radio- 
activities. Amplitude analysis permits the 
discrimination between different sources 
of radiation. 

Using a Nal crystal, Miller and Marinelli® 
identified Ce'*’ by its emission, and this 
was later confirmed by bioassay of the 
urine. Subsequently, the increased content 
of Ce!*? in humans has been demonstrated 
in various geographical areas indicating 
nuclear fall-out as its probable source. 

Strontium go, with similar chemical and 
physiological characteristics to calcium, is 
deposited primarily skeletal tissue. 
Engstrém, Bjérnerstedt, Clemedson and 
Nelson® have carried out extensive studies 
on the deposition of radiostrontium in 
bone. It can be inhaled or ingested directly 
but it seems that human exposure comes 
primarily via its deposition on surface lay- 

4 The measurement of body activity. Brit. ¥. Radiol., Suppl. 


1957- 
5 Mitter, C. and Marinetut, L. D. The gamma ray spec- 
trum of normal human beings. Radiology, 1956, 66, 104-105. 
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ers of the soil. Plants metabolize the radio- 
active strontium which by way of vegeta- 
bles and dairy products then reaches the 
human body. Fortunately, at each stage of 
this botanical (soil to plant) and biologic 
(cattle to milk to man) progression, there 
appears to be a discriminatory use of cal- 
cium against strontium. Furthermore, to 
date, the measured concentrations of Ce!’ 
and Sr* have reached only a small per- 
centage of the maximum permissible levels 
for these substances. 

Plutonium americium (Am!) 
and polonium (Po*!®) are potentially haz- 
ardous radioelements which Foreman, Moss 
and Enstler’ have described in contamina- 
tion experiences encountered in the labora- 
tory. Reports of this kind may appear more 
frequently as the result of industrial and re- 
search uses. 

With the exposure of some segments of 
the population to a slightly increased level 
of radiation and of certain groups of indi- 
viduals to a possibly higher level, we come 
to grips with difficult philosophical and 
moral considerations. It would be super- 
fluous to reiterate the somatic and genetic 
implications of radiation exposure. It is 
conceivable that persons occupationally ex- 
posed may even reach the doubling muta- 
tional rate. Although we can only theorize 
on the effects these changes may have on 
our progeny, they should serve as an ample 
deterent to unnecessary radiation exposure 
and should spur us to publicize and demon- 
strate radiation protection methods which 
would minimize this exposure. 

In this time of inordinate fear of the ef- 
fects of radiation based on recent reports, 
the radiologist and ancillary specialists 
should accept as their further and continu- 
ing duty the dissemination to the medical 
profession and to others a sensible propor- 
tion between these effects and the indis- 
putable benefits to be realized from radia- 
tion in its diagnostic and therapeutic ap- 
plications. 

KENNETH L. KrapBenuort, M.D. 


6 Encstrém, A., Byornerstept, R., Cremepson, C., and 
Netson, A. Bone and Radiostrontium. John Wiley and Sons, 
Inc., New York, 1957. 

7 Foreman, H., Moss, W., and Enst er, B. C. Clinical ex- 
periences with radioactive materials. AM. J. Ro—ENTGENOL., Rap. 
Tuerapy & Nuccear Mep., 1958, 79, 1071-1079. 
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NATIONAL COMMITTEE ON RADIATION PROTEC- 
TION AND MEASUREMENTS (NCRP) 


REVISION OF HANDBOOKS 


O* April 15, 1958 the NCRP issued a 
statement on the new maximum per- 
missible radiation exposure to man. This 
was in line with the 1956 recommendations 
of the ICRP. The statement of April 15 
was also issued as an addendum to Hand- 
book 59, since this is the source of primary 
NCRP philosophy on permissible exposure. 
This addendum is printed and bound into 
the issues of Handbook $9 now available at 
the Government Printing Office. 

At the present, several of the other Hand- 
books (H52, Hs54, H60, and H61) are 
under active revision—partly for normal 
up-dating and partly to bring them into 
line with the new values for MPD. In the 
meantime the current versions will be sup- 
plied until the revisions are available. To 
assist the user of current handbooks, copies 
of the addendum to Handbook Sg are being 
supplied with most of them as they are 
issued by the Government Printing Office. 

It is hoped that revised versions of Hand- 
books 54, 60, and 61 will be completed 
within the next 6 months. Revision of 
Handbook 52 on “Maximum Permissible 


Amounts of Radioisotopes in the Human 
Body and Maximum Permissible Concen- 
trations in Air and Water” is nearing com- 
pletion. This program has been carried on 
concurrently with the corresponding com- 
mittee of the ICRP; both are under the 
chairmanship of Dr. K. Z. Morgan. 


SUBCOMMITTEE ACTIVITY 


Subcommittee No. 7 on “Permissible Dose 
from External Sources” is being reorgan- 
ized, not as a subcommittee but as the 
prime technical committee of the NCRP 
for the development of basic philosophy. 
This is necessary since the recommenda- 
tions of this committee provide the primary 
guidance for most of the other activities of 
the NCRP. Its new Chairman is expected 
to be Dr. Simeon Cantril with Dr. H. M. 
Parker as Vice Chairman. In addition to 
members of the old Subcommittee 1, new 
members will include chairmen of appropri- 
ate other subcommittees of the NCRP. 

Subcommittee No. 7o on “Regulation of 
Radiation Exposure Dose” is now reor- 
ganized under the chairmanship of W. A. 


MEMBERSHIP OF SUBCOMMITTEE NO. Io 


Name 
Working Group 


Paul Hodges 

Jan Lieben 

E. P. Pendergrass 
J. A. Reynolds 

L. Rogers 

J. G. Terrill, Jr. 


Advisory Group 


W. H. Eells 

G. C. Frampton 
L. M. Hydeman 
M. Kleinfeld 

L. Manning 

R. R. Newell 

F. A. Norton 
M. Stein 

E. Dale Trout 


Organization 


University of Chicago 

Pennsylvania Department of Health 

University of Pennsylvania Hospital 

Picker X-Ray Corp., Waite Manufacturing Division, Inc. 
U. S. Atomic Energy Commission 

Public Health Service 


Coordinator of Atomic Development Activities, Ohio 
University of Illinois 

U. S. Atomic Energy Commission 

New York Department of Labor 

U. S. Department of Labor 

Naval Radiological Defense Laboratory 

Southern Regional Advisory Council on Nuclear Energy 
U. S. Public Health Service 

General Electric Company 
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McAdams of General Electric Company. 
The Subcommittee has met twice within 
recent months and has been making excel- 
lent progress on the revision of Appendix B 
of Handbook 61 giving the suggested regu- 
lations for state or national use. It is not 
planned to revise the body of the report. 
The membership of the reorganized sub- 
committee is given at the bottom of the 
preceding page. 

Subcommittee No. 74 on “Permissible 
Exposure Doses under Emergency Condi- 


NCRP 
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tions”’ is now operating under a new chair- 
man, Dr. George Leroy. A great deal of ef- 
fort has already been put into this activity 
over the past 3 years and the difficulty in 
completing its report is more a matter of 
presentation than difficulty with the basic 
philosophy involved. Interim recommenda- 
tions of the subcommittee are already in 
use by the O. C. D. M. for planning pur- 
poses. The membership of the subcommit- 
tee has not been materially changed and is 
given below. 


MEMBERSHIP OF SUBCOMMITTEE NO. I4 


Name 
Members 


George V. Leroy 
H. L. Andrews 
H. Blair 

G. Casarett 

G. Dunning 

E. Green 

R. Hasterlik 

L. S. Taylor 

E. G. Williams 


Consultants 


C. B. Braestrup 
R. F. Brown 

J. Bugher 

A. H. Dowdy 
L. H. Garland 
L. H. Hempelmann 
R. D. Huntoon 
H. M. Parker 
G. A. Sacher 

R. S. Stone 
Shields Warren 


Organization 


Billings Hospital, Chicago 

U. S. Public Health Service 

University of Rochester 

University of Rochester 

U. S. Atomic Energy Commission 
Roscoe B. Jackson Memorial Laboratory 
Argonne Cancer Research Hospital 
National Bureau of Standards 

U. S. Public Health Service 


Francis Delafield Hospital 

University of California, School of Medicine 
Rockefeller Foundation 

UCLA School of Medicine 

450 Sutter St., San Francisco, California 
Strong Memorial Hospital 

National Bureau of Standards 

General Electric Company 

Argonne National Laboratory 
University of California 

New England Deaconess Hospital 
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SOCIETY PROCEEDINGS 


Unirep OF AMERICA 


AMERICAN RoeEnTGEN Ray Society 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Netherland-Hilton Hotel, Cin- 
cinnati, Ohio, Sept. 22-25, 1959. 

AMERICAN RapiumM SociETy 
Secretary, Dr. Robert L. Brown, P.O. Box 459, Emory 
University, Ga. Annual meeting: The Homestead, Hot 
Springs, Va., April 6-8, 1959. 

Rapio.ocicaL Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 713 E. Genesee St., Syracuse 
2, N. Y. Annual meeting: Palmer House, Chicago, IIL, 
Nov. 15-20, 1959. 

AMERICAN COLLEGE OF RapDIOLoGy 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Illinois. Annual meeting to be an- 
nounced. 

Section on Raprotocy, AMERICAN MEDICAL AssociATION 
Secretary, Dr. T. Leucutia, Harper Hospital, Detroit 1, 
Ny Annual meeting: June 8-12, 1959, Atlantic City, 

American Boarp oF Rapio_ocy 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hote! Building, Rochester, Minn. 
Special Spring Examination, March 16-19, 1959, Cin- 
cinnati, Ohio. Candidates completing training June 30, 
1959 are not eligible for the Spring 1959 examination. 
The Board will also conduct an examination June 2-4, 
1959, Palmer House, Chicago. The deadline for filing ap- 
plications for this examination was February 15, 1959. 
If sufficient interest is shown, a special examination will 
be offered at this time in Nuclear Medicine to diplomates 
in Radiology or Therapeutic Radiology. The deadline for 
filing applications is April 1, 1959. 

NintH INTERNATIONAL Concress OF RADIOLOGY 
Secretary-General, Dr. Hans v. Braunbehrens. Request 
for information should be addressed to Dr. Viktor Loeck, 
Kongressbiiro, Forsthausstrasse 76, Frankfurt am Main, 
Germany. Meets in Munich, Germany, July 23 to July 
30, 1959. 

SEVENTH INTER-AMERICAN ConGrEss OF RADIOLOGY 
Secretary, Dr. Laura Farifias, Havana, Cuba. Counselor 
for the United States, Dr. J. A. del Regato, Penrose 
Cancer Hospital, 2200 North Cascade Avenue, Colorado 
Springs, Colorado. The meeting will be held in Brazil in 
1961. 


ALABAMA Society 
Secretary, Dr. J. A. Meadows, Jr., Medical Arts Bldg., 
Birmingham 5, Ala. Meets time and place Alabama State 
Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Executive-Secretary, Octave J. Du Temple, 86 E. Ran- 
dolph St., Chicago, III. 

Arizona Society 
Secretary, Dr. R. Lee Foster, 1313 N. Second St., 
Phoenix, Ariz. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

Arkansas Society 

Secretary, Dr. E. A. Mendelsohn, Holt-Krock Clinic, 

Fort Smith, Ark. Meets every three months and also at 

time and place of State Medical Association. 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


AssocraTION OF UnIvERsITY RADIOLOGISTS 
Secretary, Dr. Paul Riemenschneider, Medical College. 
State University of New York, Syracuse, N. Y. Annual 
meeting: Spring, 1959 in Atlanta, Ga. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. L. Clements, Jr., 35 Linden Ave., N.E., 
Atlanta 8, Ga. Meets monthly, except during three sum- 
mer months, on second Friday evening. 

RapDIoLocIcaL Society 
Secretary, Dr. Samuel Finkelman, 101 S. Twentieth St. 
Philadelphia, Pa. 

Brooktyn Rapto.oaica Society 
Secretary, Dr. George A. Manfredonia, One Hanson 
Place, Brooklyn, N. Y. Meets first Thursday of each 
month October through May. 

RapIoLocicaL Society 
Secretary, Dr. Alfred Dobrak, 710 Leydecker Rd., Buf- 
falo 24, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

Centra New York Roentcen Ray Society 
Secretary, Dr. Joseph A. Head, 150 Marshall St., Syra- 
cuse, N. Y. Meets first Monday each month October 
through May. 

CENTRAL Onto RapDIOLoGIcAL SociETY 
Secretary, Dr. William B. Schwartz, 1500 W. Third Ave., 
Columbus, Ohio. Meets at 6:30 p.m. on second Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL Society oF MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Building, 1903 West Harrison St., Chicago 12, Ill. 

Cuicaco RoENTGEN Society 
Secretary, Dr. George B. Cahill, 802 Burns Ave., Floss- 
moor, Ill. Meets second Thursday of each month, Octo- 
ber to April except December at the Sheraton Hotel at 
8:00 P.M. 

CLEVELAND RapIoLocicaL Society 
Secretary, Dr. Frederick A. Rose, 2065 Adelbert Rd., 
Cleveland 6, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of each month from October to April at Tudor 
Arms Hotel 

Cotoravo Rapro.ocica Sociery 
Secretary, Dr. Lorenz R. Wurtzebach, 601 E. Nineteenth 
Ave., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

Connecticut VALLEY Rapro.Loaic Society 
Secretary, Dr. Paul J. Kingston, 114 Woodland St., Hart- 
ford, Conn. Meets first Friday in February and April. 

Da.ias-Fort CLus 
Secretary, Dr. A. H. Keene, 3707 Gaston Ave., Dallas, 
Texas. Meets monthly, third Monday, at Greater Fort 
Worth International Airport at 6:30 P.M. 

Derroir Roentcen Ray anv Rapium Society 
Secretary, Dr. Joseph O. Reed, Jr., Harper Hospital, 
Detroit 1, Mich. Meets monthly first Thursday, October 
through May, at David Whitney House, 1o1o Antietam, 
at 6:30 P.M. 

East Bay RoentGEN Society 
Secretary, Dr. Dan Tucker, 434 3oth St., Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland. 

East TENNESSEE RADIOLOGICAL SocIETY 
Secretary, Dr. Charles W. Reavis, Baroness Erlanger 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Hospital, Chattanooga, Tenn. Meets in January and 
September. 

EasTERN RADIOLOGICAL SoOcIETY 
Secretary, Dr. John D. Osmond, Jr., Euclid-Glenville 
Hospital, Cleveland 19, Ohio. 

FLoriDA Society 
Secretary, Dr. Russell D. D. Hoover, 49th St., West 
Palm Beach, Fla. Meets twice annually, in the spring 
with the annual State Society meeting, and in the fall. 

Fiortpa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joseph C. Rush, 1501 Jungle, 
St. Petersburg, Fla. 

GeorGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. B. H. Malone, 1406 Reynolds St., Bruns- 
wick, Ga. Meets Spring and Fall with Annual State 
Society Meeting. 

GREATER Mramti RADIOLOGICAL SociETY 
Secretary, Dr. George P. Daurelle, Jackson Memorial 
Hospital, Miami 36, Fla. Meets monthly third Wednesday 
at 8 p.m. at Jackson Memorial Hospital, Miami, Fla. 

GreATER St. Louts Society 
Secretary, Dr. Charles J. Cherre, 462 N. Taylor, St. 
Louis 8, Mo. 

Houston RaDIoLoGIcaL Society 
Secretary, Dr. Edward B. Singleton, 6621 Fannin St., 
Houston 25, Texas. Meets last Monday each month, 
Seminar Room, Doctors’ Club of Houston. 

IpaHo StaTE RADIOLOGICAL SociETY 
Secretary, Dr. Charles R. McWilliams, Magic Valley 
Memorial Hospital, Twin Falls, Idaho. Meets annually 
at same time as Idaho State Medical Association. 

RaproLocicaL Society 
Secretary, Dr. Stephen L. Casper, 1101 Maine St., 
Quincy, ill. Meets three times a year. 

INDIANA RoENTGEN 
Secretary, Dr. C. A. Stayton, Jr., 313 Hume-Mansur Bldg., 
Indianapolis 4, Ind. Meets first Sunday in May and dur- 
ing fall meeting of Indiana State Medical Association. 

Iowa Society 
Secretary, Dr. James T. McMillan, 1104 Bankers Trust 
Bldg., Des Moines, lowa. Luncheon and business meet- 
ing during annual session of Iowa State Medical Society. 
The scientific section is held in the autumn. 

Kansas Society 
Secretary, Dr. James R. Stark, 3244 E. Douglas, Wichita, 
Kansas. Meets in spring with State Medical Society, and 
in winter on call. 

Kentucky RapIoLocicaL Society 
Secretary, Dr. Robert H. Akers, V. A. Hospital, Louis- 
ville 2, Ky. Meets monthly on second Friday at Seelbach 
Hotel, Louisville. 

Kincs County RaproLocicaL Society 
Secretary, Dr. C. P. Naidorf, 411 Parkside Ave. Brooklyn 
26, N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:45 P.M. 

Los ANGELFs RADIOLOGICAL SociETY 
Secretary, Dr. Robert B. Engle, St. Luke Hospital, 
Pasadena, Calif. Meets second Wednesday of month 
in September, November, March, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles. 

Marne Raproocicat Society 
Secretary, Dr. Francis J. O'Connor, Augusta General 
Hospital, Augusta, Maine. Meets in June, September, 
December and March. 

MaryLanD RaDIOLoGIcAL SociETY 
Secretary, Dr. Nathan B. Hyman, 1805 Eutaw Place, 
Baltimore 17, Md. 

Mempuis RoentTGEN Society 
Secretary, Dr. James L. Booth, 899 Madison Ave., Mem- 
phis 3, Tenn. Meets first Monday of each month at John 
Gaston Hospital. 

Miami Va.tey Raprooaicat Society 
Secretary, Dr. S. F. Johnson, 2197 Los Arrow Dr., Day- 
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ton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mip-Hupson Society 
Secretary, Dr. Joseph Sorrentino, St. Francis Hospital, 
Poughkeepsie, N. Y. Meets 8:30 p.m., fourth Wednesday 
each month, September to May. 

MiLtwauKEE RoentTcEN Ray Society 
Secretary, Dr. Joseph F. Wepfer, sooo W. Chambers St., 
Milwaukee 10, Wis. Meets monthly on fourth Monday at 
University Club. 

Minnesota Rapro.ocicat Society 
Secretary, Dr. Donald H. Peterson, 853 Medical Arts 
Bldg., Minneapolis 2, Minn. Meets three times annually, 
in fall, winter and spring. 

Mississ1pP1 RADIOLOGICAL SocIETY 
Secretary, Dr, Robert P. Henderson, 316 Medical Arts 
Bldg., Jackson, Miss. Meets third Thursday of each 
month at Hotel Edwards, Jackson, at 6:00 P.M. 

Montana Society 
Secretary, Dr. Arthur T. Austin, 104 The Doctors Bldg., 
Billings, Montana. Meets at least once a year. 

Nassau RapDIoLocicaL Society 
Secretary, Dr. Jerome Zwanger, 126 Hicksville Rd., Mas- 
sapequa, L. I., N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

NEBRASKA RADIOLOGICAL SocIETY 
Secretary, Dr. Warren Q. Bradley, 924 Sharp Bldg., 
Lincoln, Nebraska. Meets third Wednesday of each 
month at 6 p.m. in Omaha or Lincoln. 

New Encianp Roentcen Ray Soctety 
Secretary, Dr. John E. Gary, 1180 Beacon St., Brookline 
46, Mass. Meets third Friday of each month, Octo- 
- through May, at The Longwood Towers, Brookline, 

ass. 

New Hampsuire RoentGEN Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New YorK RoenTGEN Society 
Secretary, Dr. Harold G. Jacobson, 210th St. and Bain. 
bridge Ave., New York 67, N. Y. Meets monthly on third 
Monday, New York Academy of Medicine, at 4:30 P.M. 

NortH Carouina Society 
Secretary, Dr. Charles A. Bream, 211 McCauley St., 
Chapel Hill, N. C. Meets in May and October. 

Nort Dakota RaproLocicat Society 
Secretary, Dr. Marianne Wallis, St. Joseph’s Hospital, 
Minot, N D. Meetings by announcement. 

Nortx FLoripa Society 
Secretary, Dr. Marvin Harlan Johnston, Five Points 
Medical Center, Jacksonville 4, Fla. Meets quarterly in 
March, June, September and December. 

NorTHEASTERN New York RaproLocicat Society 
Secretary, Dr. Irving Van Woert, Jr., Albany Hospital, 
Albany, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NortTHerN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

Onto State RaDIoLocicaL Society 
Secretary, Dr. Francis C. Curtzwiler, 421 Michigan St.. 
Toledo 2, Ohio. Annual meeting: Cincinnati, Ohio, May, 
1959. 

Strate Society 
Secretary, Dr. Edmond H. Kalmon, Jr., 300 Northwest 
12th Street, Oklahoma City, Okla. Three regular meet- 
ings annually. 

Orecon Society 
Secretary, Dr. C. V. Allen, Veterans Hospital, Portland, 
Ore. Meets monthly from October to June on the second 


— of each month at 8:00 p.m. at the University 
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Orveans ParisH RapDIo.ocicaL Society 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric Nortuwest Rapio.ocicat Society 
Secretary, Dr. J. Arch Colburn, 19 Royal Oak Drive, 
Roseburg, Ore. Meets annually in May. 

Paciric RoeENnTGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets annually during meeting of California 
Medical Association. 

PENNSYLVANIA Rapro.ocicaL Society 
Secretary, Dr. Walter P. Bitner, 234 State St., Harris- 
burg, Pa. Annual meeting: Harrisburg, Pa., April 24-25, 
1959. 

PHILADELPHIA RofNTGEN Ray Society 
Secretary, Dr. Roderick L. Tondreau, 3400 Spruce St., 
Philadelphia 4, Pa. Meets first Thursday of each month, 
at § P.m., from October to May in Thompson Hall, 
College of Physicians. 

PitrspurGH Rorntcen Society 
Secretary, Dr. Erwin Beck, 3500 Fifth Ave., Pittsburgh 
13, Pa. Meets second Wednesday of month, October 
through June at Park Schenley Restaurant. 

Raproocicat Section, Battimore Mepicat Society 
Secretary, Dr. James K. V. Willson, 1100 N. Charles 
St., Baltimore 1, Md. Meets third Tuesday each month, 
September to May, inclusive. 

RADIOLOGICAL Society OF GREATER CINCINNATI 
Secretary, Dr. John E. Singer, 468 Doctors’ Bldg., Cin- 
cinnati, Ohio. Meets monthly from September to May on 
first Monday of each month at 7 30 P.M. at the Cincin- 
nati General Hospital. 

Rap1o.ocicat Society or Hawalt 
Secretary, Dr. Robert G. Rigler, Straub Clinic, 1020 
Kapiolani St., Honolulu 14, Hawaii. Meets third Mon- 
day of each month alternately at 4:30 P.M. and 7:30 P.M. 

RapIoLoGicaL Society oF GREATER Kansas City 
Secretary, Dr. Samuel B. Chapman, Jr., 830 Argyle Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RaDIoLocicaL Society oF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

Raprotocicat Society or Louisiana 
Secretary, Dr. Seymour Ochsner, Ochsner Clinic, New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

Rapro.ocicaL Society or New Jersey 
Secretary, Dr. Andrew P. Dedick, Jr., 67 E. Front St., 
Red Bank, N. J. Meets at Atlantic City at time of State 
Medical Society and in November in Newark, N. J. 

Society oF New York 
Secretary-Treasurer, Dr Mario C. Gian, 610 Niagara St., 
Buffalo 1, N. Y. Annual meeting: To be announced. 

Society of SourH Dakota 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RapIoLocicaL Society OF SOUTHERN CALIFORNIA 
Secretary, Dr. Harold P. Tompkins, 658 S. Westlake, Los 
Angeles 57, Calif. 

Repwoop Emprre Rapro.ocicat Society 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Ricumonpb County Society 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocuester Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. John W. Colgan, 277 Alexander St., Roch- 
ester 18, N. Y. Meets at 8:15 p.m. on the last Monday of 
each month, September through May, at Strong Me- 
morial Hospital. 

Rocky Mountain Raptotocicat Society 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
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ver 20, Colo. Annual meeting: Shirley-Savoy Hotel, 
Denver, Colorado, Aug. 20-22, 1959. 

San Antonro-Miitary Rapio.ocicat Society 
Secretary, Dr. Hugo F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Texas. Meets third Wednesday 
each month in Fort Sam Houston Officer’s Club at 6:30 
P.M. 

San Dieco Society 
Secretary, Dr. Stanley A. Moore, 2466 First Ave., San 
Diego 1, Calif. Meets first Wednesday of each month at 
the Club. 

San Francisco Rapro.ocica Society 
Secretary, Dr. M. A, Sisson, 450 Sutter St., San Francis- 
co 8, Calif. Meets quarterly at Grison’s Steak House. 

Section on Rapro.ocy, CatirorniA MEDICAL AssOciATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Raprotocy, Connecticut Strate MepIcar 
Society 
Secretary, Dr. Ralph J. Littwin, Bristol Hospital, 
Bristol, Conn. Meetings are held bi-monthly. 

Section on RaproLocy, Mepicat Society oF THE Dis- 
TRICT OF COLUMBIA 
Secretary, Dr. Charles E. Bickham, Jr., 1835 Eye St., 
N.W., Washington 6, D. C. Meets Medical Society 
Library, third Wednesday of January, March, May and 
October at 8:00 P.M. 

Section on Raprooey, State Mepicat Society 
Secretary, Dr. William Meszaros, 1825 W. Harrison St., 
Chicago, 

SeEcTION ON RapIio_oGy, SouTHERN MEDICAL ASSOCIATION, 
Secretary, Dr. Seymour Ochsner, Ochsner Clinic, 3503 
Prytania St., New Orleans 15, La. Annual meeting: Nov. 
16-19, 1959, Atlanta, Ga. 

SHREVEPORT RapIoLocicaL CLuB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday, at 7:30 P.M. 
September to May inclusive. 

Society or MEDICINE 
Secretary, Dr. Robert W. Lackey, 452 Metropolitan 
Bldg., Denver 2, Colo. Annual meeting: To be an- 
nounced. 

Soutu Bay Society 
Secretary, Dr. Stanford B. Rossiter, 1111 University Dr., 
Menlo Park, Calif. Meets second Wednesday of each 
month. 

Soutu RADIOLOGICAL SocieETY 
Secretary, Dr. Wayne Reeser, 804 Burroughs St., Con 
way, S. C. One meeting with South Carolina Medical 
Association in May, others arranged by President. 

SouTHERN RaDIOLoGIcAL CONFERENCE 
Secretary, Dr. Marshall Eskridge, Mobile Infirmary, 
Mobile, Ala. 

SouTHWESTERN RADIOLOGICAL SocreTY 
Secretary, Dr. Gordon Black, Suite 2-A, El Paso Medical 
Center, 1501 Arizona, El Paso, Texas. Meets second 
Tuesday of each month. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. James J. Range, P.O. Box 324, Johnson 
City, Tenn. Meets annually at the time and place of 
the Tennessee State Medical Association. 

Texas Rapro.ocica Society 
Secretary, Dr. J. E. Miller, 3500 Gaston Ave., Dallas 10, 
Texas. Next meeting January 30 and 31, 1959, Statler- 
Hilton Hotel, Dallas, Texas. 

Tri-State Rapro.oaicat Society 
Secretary, Dr. James R. Mathews, 118 S. EF. First St., 
Evansville, Ind. Meets last Wednesday of Oct., Jan., 
March and May, 8:00 p.m. at Elks’ Club in Evansville. 

University oF DeparTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June. 
at 7:00 p.m, at University Hospital. 
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Upper PENINSULA RADIOLOGICAL SociETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran State Raprovocicat Society 
Secretary, Dr. William R. Christensen, 2033 S. State St., 
Salt Lake City, Utah. Meets fourth Wednesday in Jan- 
uary, March, May, September and November at Holy 
Cross Hospital. 

Society 
Secretary, Dr. Frank A. Kearney, II, 110 S. Curry St., 
Phoebus, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SocIETY 
Secretary, Dr. Wayne A. Chesledon, 306 Stimson Bldg., 
Seattle 1, Wash. Meets fourth Monday of each month 
from September through May at 610 Pine St., Seattle. 

West VirciniA RADIOLOGICAL SOCIETY 
Secretary, Dr. Karl J. Myers, 112 N. Woods St., Philippi, 
W. Va. Meets concurrently with annual meeting of 
West Virginia State Medical Society; other meetings 
arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Myron Wald, 406 Boston Post 
Road, Port Chester, N. Y. Meets on third Tuesday of 
January and October and on two other dates. 

Wisconsin RapIoLocicaL Society 
Secretary, Dr. Farrell F. Golden, 5221 Tonyawatha Trail, 
Madison 4, Wis. Special meetings held during year; annual 
meeting each spring at Madison, Wis. 

X-Ray Strupy or San Francisco 
Secretary, Dr. John H. Heald, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets monthly, third Thursday at 7:30 
p.m., Children’s Hospital, September through June. 


Cusa, Mexico, Puerto Rico anp CeNnTRAL AMERICA 


AsociaciOn DE Rapi6Locos DE CENTRO AMERICA Y 
PanaMA 
Comprising: Guatemala, El Salvador, Honduras, Nica- 
ragua, Costa Rica and Panama, Secretary-General, 
Dr. Roberto Calderén, Calle Central Deste No. 218, 
Managua, Nicaragua. Meets annually in a rotating man- 
ner in the six countries. 

SocIEDAD DE RapIoLoGia DE Ext SALVADOR 
Secretary, Dr. Rafael Vega Gomez. 

SociEDAD DE RapioLoGia DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9*. Calle A 0-05, Zona 1, 
Guatemala. 

SoctepaD DE RaproLocfa y Fistorerapia CuBANA 
Secretary, Dr. Miguel A. Garcia Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SociEDAD CosTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernandez Carballo, Apartado VIII, 
San José, Costa Rica. 

Soctepap Mexicana DE A. C. 

Calle del Oro No. 15, México 7, D. F. 
Secretary-General, Dr. Guillermo Santin. Meets first Mon- 
day of each month. 

AsocraciOn PUERTORRIQUENA DE RaDIOLocfa 
Secretary, Dr. R. B. Diaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SoctepAD RapioLécica PANAMENA 
Secretary, Dr. L. Arrieta Sanchez, Apartado No. 86, 
Panam4, R. de P. Meets monthly in a department of 
radiology of a local hospital, chosen at preceding meeting. 


British Empire 


AssOciATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. Odilon Raymond, 5400 Blvd. Gouin. 
Quest, Montreal, Que. Meets four times a year. 

British Institute OF RapioLocy IncorPoRATED WITH 
THE RONTGEN Society 
Honorary Secretary, Dr. John Blewett, 32 Welbeck St., 
London, W. 1. Meets monthly from October until May. 


Society Proceedings 


543 


Facutty oF 
Honorary Secretary, Dr. R. A. Kemp Harper, 47 Lincoln’s 
Inn Fields, London, W.C.2, England. Annual meeting in 
London (at the Royal College of Surgeons and the West- 
minster Hospital), June 19-20, 1959. 

Section or Rapio.ocy or THE Royat Soctety or Mept- 
cINE (ConFINED TO Mepicat MEMBERS) 
Meets third Friday each month at 4:45 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1. 

CANADIAN AssociATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Guillaume Gill, Associate Honor- 
ary Secretary, Dr. Robert G. Fraser, 1555 Summerhill 
Ave., Montreal 25, Que. Meetings January and June. 

Rapro.oaicat Stupy CLus 
Secretary, Douglas W. MacEwan, 2300 Tupper St., 
Montreal 25, Quebec. Meets first Tuesday evening, Octo- 
ber to April. 

Section oF Rapro.tocy, Canapian MEpIcAL AssociATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N.S. 

SocrETE CANADIENNE-FRANGAISE D’ELEcTRO-RADIOLOGIE 
MEDICALE 
General Secretary, Dr. Louis Ivan Vallée, 1058 rue St- 
Denis, Montreal 18, Canada. Meets third Saturday each 
month. 

Toronto Society 
Secretary, Dr. L. R. Harnick, Toronto Western Hospital, 
399 Bathurst St., Toronto, Ontario. Meets second Mon- 
day of each month September through May. 

Co._eGE or RaDIoLoGists OF AUSTRALASIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SoutrH AMERICA 


AsociAciOn ARGENTINA DE 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Cérdoba, Argentina. Meetings held monthly. 

O Co.écio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Walter Bomfins Pontes. Seat: 
Rua Major Quedinho, 99-2°. Andar, Sao Paulo, Brazil. 

SociEDAD ARGENTINA DE RaproLocfa, Junta CENTRAL, 
Buenos 
Secretary, Dr. Juan L. O. Ambrogna, Montevideo 745, 
Buenos Aires. Meetings are held monthly. 

SocreDAD BoLivaANA DE Rapro.ocia 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SocrEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SociEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 Sao Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in Sao Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SociEDAD CHILENA DE RaDIOoLoGia 
Secretary, Dr. Juan Sabbagh Dacla, Merced 565, Santi- 
ago, Chile. Meets fourth Friday of each month. 

SoctEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejia Dzg., Carrera 13, No. 25- 
31, Apartado aéreo No. 5804, Bogota, Colombia. Meets 
last Thursday of each month. 

SociepAD EcuaroriANA DE RaproLocfa y FistoreRApfa 
Secretary, Dr. Publio Vargas P. Casilla 1242 Guayaquil, 
Ecuador. 

Se clEDAD PARAGUAYA DE RapIoLocfa 
Secretary, Dr. Miguel Gonzalez Addone, 15 de Agosto 
322, Asuncién, Paraguay. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos Ganoza, Apartado 2306, Lima, 
Perd. Meets monthly except during January, February 
and March, at Asociacién Médica Peruana “Daniel A. 
Carrién,” Villalta 218, Lima. 
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SociEDAD DE RADIOLOGIA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Institu:~ 
de Radiologia. 

SocieDAD DE Rapto.ocfa, 
Mépica pet Urucuay 
Secretary-General, Dr. Ricardo Parada, Av. Agraciada 
1464, piso B, Montevideo, Uruguay. 

SOcIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SoclEDAD VENEZOLANA DE RapIoLocfa 
Secretary-General, Dr. Sebastian Nifiez Mier y Teran, 
Apartado No. 9362, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 
Caracas. 


CanceroLocfa y Ffsica 


ConrTINENTAL Europe 


OsTERREICHISCHE R6NTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 

Sociéré BELGE DE RaDIOLoGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain, Belgium. Meets in February, 
March, May, June, October, November and December. 

SociETé FRANCAISE p’ ELECTRORADIOLOGIE MEDICALE, 
and its branches: Socttré pu Sup-Ovest, pu LirroraL 
MEDITERRANEEN, DU CENTRE ET DU LYONNAIS, DU 
Norpb, DE t’Ouvest, DE t’Est, ev D’ALGER ET D’AFRIQUE 
pu Norp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris. 
Secretary-General, Dr. Ch. Proux, 9, rue Daru, Paris 8°, 
France. 
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CESKOSLOVENSK SPOLECNOST PRO RENTGENOLOGII A Ra- 
DIOLOGII V PRAZE 
Secretary, Dr. Roman Blaha, Praha xu, stat. nemocnice, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meeting. 

DeutscHE RONTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitats- 
Roéntgeninstitut. Lagenbeckstr. 1, Mainz, Germany. 
Annual meeting: To be announced. 

SocretA Irattana Raprotocta Mepica £ pt MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, Torino, 
Italy. Meets annually. 

NEDERLANDSE VERENIGING Voor ELECTROLOGIE EN ROn'- 
GENOLOGIE 
Secretary, Dr. J. R. von Ronnen, Violenweg 14, den Haag, 
Netherlands. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 

SocreDAD EspaNoia DE RaproLoaia y ELECTROLOGIA 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 

SCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociETe SutssE DE RADIOLOGIE ET 
DE MépecineE NuCLEAIRE) 
Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


INDIA 


Inp1ANn RADIOLOGICAL AssociATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 


The next list of Meetings of Radiological Societies will be published in the May issue of the JourRNAL. 


- 


AM 

) 
are 

t 
| 
| 
| 

I 

j 
; 

¢ 

; 


~~ 


VoL. 81, No. 3 


BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 


for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


THE Love or A Puysictan, Georce E. Pran- 
LER, M.D., Pioneer Raprotocist. By Mur- 
iel B. Pfahler. Cloth. Price, $3.75. Pp. 274, 
with two illustrations. Dorrance & Company, 
Inc., Publishers, 131 N. 20th St., Phila- 
delphia 3, Pennsylvania, 1958. 


Clearly the author’s purpose in this biog- 
raphy of her husband, Dr. George Edward 
Pfahler, is to show his varied interests other 
than that in radiology for such sidelights are 
usually unknown to the public. 

Through their years of travel—vacations—at 
home and abroad, the author kept accurate 
data of personal experiences, even of conversa- 
tions with the world’s leading radiologists, in- 
cluding Antoine Béclére of France, Fedor 
Haenisch of Germany, Gésta_ Forssell of 
Sweden, C. Thurstan Holland of England, Hans 
Schinz of Switzerland, Tandoya of Italy and 
others, and of organizations whose honors were 
humbly received by Dr. Pfahler. All this and 
more is lovingly recorded as a memorial to 
America’s leading pioneer in radiology, a sci- 
ence which developed within his generation and 
which was largely accepted as a valuable and 
separate division of medicine through Dr. 
Pfahler’s long and persistent efforts. 

While the book reviews the rapid growth of 
this new science, its reading by medical stu- 
dents contemplating this specialty should 
quicken their dedication, as modern followers 
of Hippocrates, to present-day research for bet- 
ter health means and methods. 

Unusual in its treatment, the story will enter- 
tain and enlighten—yes, make one rejoice in 
America’s contribution to the war against want 
and disease. 

Any physician can justly be proud to add 
such a personal and intimate life story to his 
library. 

BenyAMIn H. Ornporr, M.D. 


Procress IN RapiatTion THERAPY. Edited by 
Franz Buschke, M.D., Professor of Radiol- 
ogy, University of California School of Medi- 
cine, San Francisco; with 13 contributors. 
Cloth. Price, $9.75. Pp. 284, with tables and 
figures. Grune & Stratton, Inc., 381 Fourth 
Avenue, New York 16, New York, 1958. 
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This is the first of a series of small volumes to 
be published at one or two year intervals and 
intended to present comprehensive but critical 
reviews of fundamental, biological, physical or 
clinical problems which have immediate appli- 
cation to clinical radiation therapy. In explain- 
ing the need for such a book, Buschke states 
that radiation therapy must be viewed as a 
branch of clinical medicine rather than a physi- 
cal science to be applied to the human phantom. 

In the first two chapters Case and Trout dis- 
cuss the history of radiation therapy and the 
development of radiation sources in this coun- 
try. Kahn devotes 30 pages to a defense of rela- 
tive biological effectiveness as a valuable unit 
of measurement and attempts to refute the 
statement of the International Committee on 
Radiation Units (ICRU) that it has a limited 
usefulness. 

Du Sault describes some of the effects of the 
time factor which are fairly well established but 
emphasizes the fact that there are many im- 
portant questions in this field which have not 
been answered. Pratt discusses some of the re- 
search done in an effort to discover a chemical 
capable of modifying the effect of radiation on 
the human body and of producing a more in- 
tense effect on a neoplasm while protecting the 
normal tissues. 

Baclesse summarizes his clinical experience 
with ultra-fractionated roentgen therapy and 
again expresses his belief that expert juggling of 
daily doses and field sizes over long periods of 
time has enabled him to control advanced 
radioresistant malignant tumors without pro- 
ducing normal tissue damage. 

Merrill gives a well illustrated review of the 
present status of the cytohistologic evaluation 
of radiation response in carcinoma of the cervix 
and states, ‘from a critical analysis of the 
methods of radiosensitivity testing, it is con- 
cluded that—we do not have adequately 
proven, clinically useful means of predicting 
radiation response.”’ Schneider reviews the re- 
sults claimed for various radiation techniques 
used in the treatment of Wilms’ tumors and 
suggests that the variations may be due to a 
lack of grading and differences in statistical 
methods. 
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Bouchard summarizes the literature and eval- 
uates the results obtained in the radiation treat- 
ment of 454 brain tumors exclusive of medullo- 
blastomas. It is his opinion that “ionizing radi- 
ation therapy has become an accepted form of 
treatment in the management of malignant in. 
tracranial neoplasms.” The high point of the 
book, so far as your reviewer is concerned, is a 
chapter by Lampe entitled “Radiation Toler- 
ance of the Central Nervous System.”’ He 
proves conclusively that the doses commonly 
believed to be necessary for the eradication of 
malignant tumors in other parts of the body 
may produce very serious late effects in the 
brain and brain stem. Less experienced radio- 
therapists who are enthusiastically using super- 
voltage equipment for the treatment of tumors 
of the head and neck should study his material 
carefully. 

Sheline discusses the confusion now existing 
in the histological classification of thyroid car- 
cinoma and details the indications for radiation 
therapy. He credits radioiodine with the pro- 
duction of palliation in 10 per cent of all cases 
but has observed no cures resulting from this 
type of therapy. Lederman enumerates the non- 
malignant diseases of the eye which may be 
properly treated with roentgen rays and beta 
rays and describes his techniques and complica- 
tions. 

The final chapter written by Newell makes a 
very convincing plea for the complete separa- 
tion of therapeutic and diagnostic radiology. He 
also contends that radiotherapists should re- 
ceive much better training than that now offered 
by most of our teaching institutions. 

Every chapter in this small volume is written 
by an authority and accompanied by a complete 
bibliography. It makes very good reading and 
the future publication of similar editions should 
be strongly encouraged. 

Cuartes L, Martin, M.D. 


Tumors OF THE EsopHacus. ATLAS OF TuMoR 
PatTHoLoGy. Section V—Fascicle 20. By 
Arthur Purdy Stout, M.D., Professor of 
Surgery, Emeritus, and Professor of Pathol- 
ogy, Retired, Columbia University, College 
of Physicians and Surgeons; and Raffaele 
Lattes, M.D., Professor of Surgery, Colum- 
bia University, College of Physicians and 
Surgeons. Paper. Price, $1.00. Pp. 105, with 
58 illustrations. Published by the Armed 
Forces Institute of Pathology under the Aus- 
pices of the Subcommittee on Oncology of 
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the Committee on Pathology of the National 
Research Council, Washington, D. C., 1957. 
For sale by the American Registry of Pathol- 
ogy, Armed Forces Institute of Pathology, 
Washington 25, D. C. 


This tumor atlas represents a review of the 
common neoplasms as well as some rare condi- 
tions found in the esophagus. Since the squa- 
mous cell carcinoma of the esophagus forms a 
most common neoplasm, it has been given full- 
est consideration. Ample space is also devoted 
to the benign neoplasms. 

In the description of the malformations and 
congenital cysts there is inadvertently some 
overlapping with Fascicle 18 on tumors of the 
mediastinum by Schlumberger. Emphasis has 
been laid upon the trend to overdiagnose the 
leiomyomas, the final diagnosis apparently rest- 
ing upon the clinical course and not solely on 
histologic appearance. Attention is also drawn 
to a peculiar condition known as “‘pseudosar- 
coma” which might present the same diffi- 
culties. 

The review of the literature on sarcoma of 
the esophagus has been extensive, and only a 
few cases of sarcomas have been accepted with 
a necessary conclusion that the malignant neo- 
plasms of the esophagus other than squamous 
cell carcinoma are extremely rare. The fascicle 
is well illustrated and altogether continues the 
high standards of the tumor fascicles of the 
Armed Forces Institute of Pathology. 

Joun R. McDona tp, M.D. 


BOOKS RECEIVED 


Surrace & Rapto.LocicaLt Anatomy: For Students 
and General Practitioners. Fourth edition. By 
W. J. Hamilton, M.D., D.Sc., F.R.S.E., Professor 
of Anatomy in the University of London at Char- 
ing Cross Hospital Medical College, sometime 
Regius Professor of Anatomy in the University of 
Glasgow, formerly Professor of Anatomy in the 
University of London at the Medical College of 
St. Bartholomew’s Hospital, and G. Simon, M.D., 
B.Ch., D.M.R.E. (Cantab.), F.F.R., Demon- 
strator of Radiological Anatomy in the Medical 
College of St. Bartholomew’s Hospital, and Radi- 
ologist to the Diagnostic X-ray Department, St. 
Bartholomew’s Hospital, and to the Brompton 
Hospital, London. Cloth. Price, $9.50. Pp. 355, 
with numerous illustrations. Williams & Wilkins 
Company, Baltimore, Md., 1958. 

THe ATOM AND THE EnerGy Revo tution. By Nor- 
man Lansdell. Cloth. Price, $6.00. Pp. 200, with 
numerous illustrations. Philosophical Library, 
Inc., 15 East goth Street, New York, N. Y., 1958. 
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ABSTRACTS OF RADIOLOGICAL 
LITERATURE 


Department Editor: T. Leucutia, M.D., Harper Hospital, Detroit 1, Michigan 


INDEX 


RADIATION THERAPY 


ZorriL1A, J. I.: Cancer of the esophagus and 
rotational radiation therapy.............. 
Martin, C. L., and Martin, J. A.: Treatment 
of cancer of the floor of the mouth and its 
cervical metastases by irradiation......... 
Ranpbatt, J. H., H. B., and Gopparp, 
W. B.: Carcinoma of the cervix; treated dur- 
ing the years 1942 to 1951 at the State Uni- 
versity of Hospitals................ 
Forrest, A. P. M., Biarr, D. W., and VALEN- 
TINE, J. M.: Screw-implantation of the pi- 
tuitary with yttrium-90.................. 
Baron, D. N., Guruine, K. J., and Smirn, 
E. J. R.: The effect of hypophysectomy in 
advanced carcinoma of the breast......... 
Korrmeier, H. L.: Current treatment of car- 
Frick, H. C., II, Corscapen, J. A., Jacox, 
H. W., and Taytor, H. C., Jr.: Surgical and 
radiologic treatment of cancer of the cervix 
RurLepce, F. N., and Fiercuer, G. H.: 
Transperitoneal pelvic lymphadenectomy 
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RADIATION THERAPY 


ZoRRILLA, JuAN I. Cancer de esdfago y radio- 
terapia rotatoria. (Cancer of the esophagus 
and rotational radiation therapy.) Prensa 
méd. argent., Feb. 7, 1958, 45, 622-626. (Ad- 
dress: Cerrito 1067, Buenos Aires, Argen- 
tina.) 


Among the three modalities of ‘“‘kinetic’”’ roentgen 
therapy—the pendular, convergent and rotational— 
the latter is undoubtedly the one which offers major 
advantages, particularly when such deep-seated or- 
gans as the esophagus are to be irradiated. Since in 
rotational procedures the depth dose is (more or less) 
independent of the quality of radiation, compara- 
tively low-powered installations can be used, with 
relatively short focal distances which, when fitted 
with adequate limiting diaphragms, increase the dose 
at the central point, by eliminating the undesirable 
peripheral bundle of rays. Tumor doses of 10,000 r 
can easily be given with the help of 360° rotation, 
while the steep fall-off even in the immediate vicinity 
of the center point safeguards adjacent normal tis- 
sues. 

When esophageal carcinoma is thus treated, there 
are neither immediate or late general reactions, nor 
significant hematologic alterations. Quite the con- 
trary, the general condition is often improved as the 
patency of the esophagus is re-established. Manage- 
ment of patients with esophageal malignancies is in- 
herently difficult because (1) they are mostly in the 
older age groups, (2) the disease has obscure symp- 
tomatology and therefore discovery occurs usually 
in a late stage, (3) perforation into neighboring or- 
gans is not infrequent, (4) the histologic types en- 
countered are akin to the epidermoid carcinoma 
which is only of relative radiosensitivity, (5) the 
localization in the distal third of the esophagus is 
often simply an extension from a gastric tumor, as a 
rule even more radioresistant, and (6) early metas- 
tases occur in 50 per cent of the cases, while direct 
extension proceeds along submucosal channels, be- 
yond the range of roentgenologic or endoscopic iden- 
tification. 

Rotational roentgen therapy was done by the au- 
thor by following the technique of Neumann and 
Wachsmann, using the Siemens installation con- 
structed for this purpose. The factors were 200 kv. 
peak, 15 ma., FSD 50 cm., filter 0.5 mm. Cu, and 
limiting diaphragms of lead, measuring 4X10 and 
4X12 cm. Daily tumor doses of 200 r were given five 
times weekly until a total of 6,000 r was reached. If 
the patient became and remained asymptomatic, 
this treatment was repeated after six months. 

When compared with other methods, surgical in- 
tervention for carcinoma of the esophagus, because 
of the stormy postoperative course, provides less 
palliation than roentgen therapy. It is true that ro- 
tational procedures have not improved the five year 
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survival! rate (3 per cent)—which can be explained 
by the fact that these tumors metastasize and other- 
wise extend very early beyond the primary site— 
but with rotational irradiation there is a very sig- 
nificant subjective as well as objective change. 

The author’s series comprises 90 patients with 
esophageal malignancies, subjected during the past 
three years to rotational roentgen therapy. In 40 
per cent there was complete disappearance of roent- 
genologic evidence of the disease (as compared with 
25 per cent when treated with conventional roentgen 
therapy). Three of the go patients have survived two 
years (2 were symptom-free) and 1 was well and 
alive three years after the diagnosis was made. The 
procedure was extremely well tolerated, and many of 
the patients developed a state of euphoria. 

The most feared complication consisted of perfor- 
ation into neighboring organs, which by some has 
been ascribed to high daily doses of radiation. This, 
however, is contradicted by the infrequent occur- 
rence of bronchial and vascular perforations during 
and after irradiation of mediastinal and bronchogenic 
malignancies. It is the author’s opinion that the 
relatively high incidence of perforation must be con- 
sidered as an inherent feature of the natural history 
of esophageal carcinoma rather than connected to 
the dosage or type of radiation therapy.—E. R. N. 
Grigg, M.D. 


Martin, Cuartes L., and Martin, JAMEs A. 
(Dallas, Texas.) Treatment of cancer of the 
floor of the mouth and its cervical metastases 
by irradiation. South. M. F., Aug., 1958, 57, 
1017-1026, 


A total of 62 cases of carcinoma of the floor of the 
mouth have been treated by the authors between 
1931 and 19§2, using implantation with low intensity 
radium needles as the primary method. They have 
achieved an absolute cure rate of 47 per cent in a 
series in which 55 per cent developed metastases to 
the cervical lymph nodes either before (14 cases) or 
after therapy. 

Treatment was completed in six days, the radium 
dosage being 6,000 to 12,000 r, and simultaneous 
roentgen-ray dosage to the neck being 2,100 r in air 
using heavily filtered 220 kv. radiation. 

The authors do not consider the presence of close- 
ly adjacent bone as a contraindication to the use of 
radium, but if there is actual bone invasion surgical 
therapy is preferable. Three cases of severe mandib- 
ular necrosis requiring resection occurred early in the 
series. These were attributed to the overlapping of 
roentgen-ray and radium fields. Three cases of spon- 
taneously healing, limited mandibular necrosis oc- 
curred. They might have healed more quickly if the 
fragment had been surgically removed. 

The most common complication was painful ne- 
crosis in the soft tissue scar. In 8 instances this re- 
quired local excision. 
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In g instances new cancers developed tn other 
areas of the mouth and pharynx.—Henry F. Klos, 
M.D. 


RANDALL, JoHN H., Evxins, Hicpon B., and 
Gopparp, W. B. Carcinoma of the cervix; 
treated during the years 1942 to 1951 at the 
State University of Iowa Hospitals. Radi- 
ology, May, 1958, 70, 713-719. (From: The 
Department of Obstetrics and Gynecology, 
University Hospitals, Iowa City, Iowa.) 


The authors report the results of a study of all 
cases of carcinoma of the cervix treated at the Uni- 
versity of lowa Hospitals during the period from 
September 1, 1942 to January 1, 1951. Of the 710 pa- 
tients who had carcinoma of the cervix, 626 had been 
given no previous therapy. This group of patients 
was studied to evaluate changes in technique of 
management and to determine if there has been any 
improvement in the kind of material admitted. All 
patients were accurately staged on admission. 

The local lesion was most commonly treated by 
one of three methods: transvaginal roentgen therapy, 
a radium plaque with a uterine tandem, or an Ernst 
applicator. The factors used for the transvaginal 
roentgen therapy were: 150 kv., 1 mm. aluminum 
filter, distance 41.$ cm. with cylindrical specula 
ranging in diameter from 2 to 4.8 cm. A dose of 1,000 
r was given twice weekly for a total of 5,000 r. Radi- 
um application consisted of two 25 mg. sources in 
tandem inserted in the uterine cavity and five to 
seven 10 mg. tubes placed in a brass or aluminum 
block against the cervix. The radium was applied for 
sixty hours. Subsequently these two methods were 
replaced by radium therapy with the Ernst appli- 
cator. If possible, 30 mg. of radium was used in the 
stem and 30 mg. for each lateral wing. The radium 
was left in place for a total of sixty to seventy-two 
hours. 

External irradiation was essentially the same in 
all groups, with an attempted parametrial dose of 
4,000 r, delivered through 6 skin portals: 1 anterior 
and 1 posterior, 15 X15 cm.; 2 lateral 10X15 cm.; 
and 2 gluteal 1oX10 cm. A lead strip, 2.5 cm. wide 
was used in the midline of the anterior and posterior 
portals to protect the bladder and rectum. The fac- 
tors were: 200 kv., target-skin distance 50 cm., half- 
value layer 2 mm. copper. During the period of this 
study there were 35 patients who had carcinoma in 
situ (Stage o). Simple total hysterectomy was the 
most common method of treatment of Stage o carci- 
noma, but § cases were treated with radium. 

The absolute overall! five-year survival rate was 
45.5 per cent. The five-year salvage rate was about 
the same regardless of the method of treatment of 
the local lesion. The greatest factor in the end result 
was the stage of the disease. The histologic picture 
of the carcinoma was found to have little or no influ- 
ence upon the end result. A definite improvement in 
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the percentage of five-year survivals was found on 
comparison with previous surveys dating back to 
1926. This is thought to be due to improvement in 
the technique of therapy, and to some extent to the 
decrease in the number of advanced cases treated.— 


A. W. Sommer, M.D. 


Forrest, A. P. M., Biair, D. W., and VaLen- 
TINE, J. M. Screw-implantation of the pitui- 
tary with yttrium-go. Lancet, July 26, 1958, 
2, 192-193. (From: University Department 
of Surgery, Western Infirmary, and Physics 
Department, Western Regional Hospital 
Board, Glasgow, Scotland.) 


Complete necrosis of the pituitary gland can be 
achieved by implanting two 6 mc rods of yttrium 90 
into the sella turcica through twin cannulas inserted 
transnasally. Consistent and trouble-free destruc- 
tion of the gland depends primarily on placing the 2 
sources of radiation so that one lies in the center of 
each half of the gland. The procedure has been used 
in the treatment of patients with advanced mam- 
mary cancer. 

Placement of the rods is done under fluoroscopic 
control with use of an image amplifier. With the aid 
of a director apparatus a cannula is introduced 
through each nostril to the outer wall of the pituitary 
fossa. A hole is drilled through the wall of the fossa 
and with a special screw and screwdriver the yttri- 
um 90 rod is placed in the gland. 

Fourteen patients have been treated. Three died 
within eight days of implantation. In all 3, the gland 
was entirely destroyed except for a single layer of 
subcapsular cells. That these would probably have 
failed to survive had the patients lived longer, is 
suggested by the finding of complete destruction of 
the pituitary in a further patient who died six weeks 
after implantation.—Leslie K. Sycamore, M.D. 


Baron, D. N., Gurutne, K. J., and Smirn, 
E. J. Raptey. The effect of hypophysectomy 
in advanced carcinoma of the breast. Brit. 
F. Surg., May, 1958, 45, 593-606. (From: 
The Royal Free Hospital and School of Medi- 


cine, London, England.) 


Fifty-two patients with advanced mammary can- 
cer were treated by means of surgical hypophysec- 
tomy with the insertion of 15 me of radiogold or 
radio-yttrium. The seeds are placed anteriorly where 
surgical removal is frequently incomplete. Objective 
improvement was noted in 42 per cent of the §2 pa- 
tients or in 66 per cent of the 33 persons who sur- 
vived three months or more. The average length of 
remission was 8.1 months, the longest being 27 
months. The group which showed no improvement 
had an average life of 3.2 months in contrast to 
those who showed improvement with an average 
life span of 10.1 months. 
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Detailed postoperative tests of pituitary function 
were carried out and correlated with the postmortem 
examination of the pituitary fossa—P. ¥. Cava- 
naugh, M.D. 


Korrmeierr, H. L. Current treatment of carci- 
noma of the cervix. 4m. F. Obst. & Gynec., 
Aug., 1958, 76, 243-251. (From: The Radi- 


umhemmet, Stockholm, Sweden.) 


The permanent results achieved by primary ade- 
quate radiation therapy in unselected series of pa- 
tients with carcinoma of the cervix appear to be su- 
perior to those treated surgically. Serious injuries 
from irradiation such as fistulas, ulcers or stenosis 
occur only rarely in the operable group. These oc- 
curred in only 1.1 per cent of the cases treated at the 
Radiumhemmet. Irradiation should, therefore, be 
the primary treatment in all cases of invasive carci- 
noma. 

The over-all recovery rate from carcinoma of the 
cervix as derived from the Annual Report on the Re- 
sults of Treatment in Carcinoma of Uterus is 41.5 per 
cent. By stages the various rates are: for Stage 1, 
67.0 per cent; Stage 1, 47.8 per cent; Stage 111, 27.2 
per cent; and Stage Iv, 7.1 per cent. 

Primary healing may be expected within six 
months following irradiation. Occasionally one year 
is required. Primary healing was obtained in 96.1 
per cent of Stage 1 cases; 90.2 per cent of Stage 11 A; 
77.1 per cent of Stage 11 B; 56.5 per cent of Stage 111 
and 37.3 per cent of Stage tv. Serial vaginal smears 
taken during the course of therapy may be of value 
in predicting radiocurability. No correlation could 
be found between radiocurability and maturity of 
the carcinoma cells. Adenocarcinoma and epidermoid 
carcinoma were equally radiocurable. 

Recurrences in the cervix or vagina have occurred 
in from 8 to 11 per cent of the cases when all stages 
were considered. Papanicolaou smears are a valuable 
adjunct in diagnosis of a recurrence. However, the 
discovery of malignant cells within six months after 
irradiation does not permit the determination of 
radiocurability. The value of pelvic venography in 
demonstrating pelvic lymph node involvement and 
anatomic variations is discussed. 

The management of persistent or recurrent cancer 
is evidently dependent upon the growth site. Sub- 
urethral metastases or vaginal wall lesions may be 
treated with intracavitary radium, intravaginal 
cone, teleradium or roentgen therapy. Five year 
survivals following treatment in such cases amount 
to 22 per cent. Re-irradiation is of little value in 
treating persistent or recurrent carcinoma in the 
cervix or upper vagina, provided the initial therapy 
was adequate. The author feels that there is a defi- 
nite place for radical hysterectomy, pelvic exentera- 
tion, or extensive electroendothermy in the treat- 
ment of these latter cases. Such techniques yield a 
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five year survival rate from 23.2 to 30.6 per cent in 
cases of radio-incurable disease. 

The techniques of irradiation are detailed. Intra- 
cavitary radium is applied initially, whenever pos- 
sible. Roentgen therapy as the primary procedure is 
reserved for far advanced carcinoma. The individual- 
ized employment of intracavitary radium is stressed. 
Anatomic variations require different applicators. 
Intrauterine sources contribute a greater proportion 
to the dose of the paracervical tissues and the pelvic 
lymph nodes than do vaginal sources. The latter 
exert a greater effect on paravaginal spread. Thus, 
careful pelvic examination and a fundamental knowl- 
edge of radiation physics, supplemented by isodose 
curve specifications of the available applicators, are 
the sine qua non to achieving the most expedient 
utilization of radium sources in the individual case. 
The treatment time is determined in each instance by 
the dose on the posterior bladder and anterior rectal 
walls. When an increased intrauterine dose is de- 
sired the amount of radium is increased rather than 
the exposure time. The current radium technique 
and dosage tolerances are described. Additional 
roentgen therapy is administered to the pelvic wall 
through two anterior and two posterior portals in 
every case. A total dose of 2,000 to 2,400 r is given 
in twenty-four to thirty-four days. 

This current individualized technique, employed 
since 1949 at the Radiumhemmet, has led to marked 
improvement in the statistical results. Thus the five 
year apparent recovery rate at present time is 89 
per cent in Stage 1; 64.4 per cent in Stage 11 A; 45.2 
per cent in Stage 11 B; 33.5 per cent in Stage 111 and 
7.8 per cent in Stage 1v.— Fames Snider, M.D. 


Frick, Henry Cray, II., Corscaven, JAMES 
A., Jacox, Harotp W., and Taytor, How- 
ARD C., Jr. Surgical and radiologic treatment 
of cancer of the cervix in 397 cases. Surg., 
Gynec. & Obst., Oct., 1958, 707, 457-468. 
(From: The Department of Obstetrics and 
Gynecology of the College of Physicians and 
Surgeons, Columbia University, the Obstetri- 
cal and Gynecological Service of the Sloane 
Hospital, and the Gynecological Service of 
the Francis Delafield Hospital of the Colum- 
bia-Presbyterian Medical Center, New York, 
N. ¥.) 

In an attempt to evaluate the effect of the reintro- 
duction of radical surgery into the program for the 
treatment of cancer of the cervix, the records of the 
397 patients admitted to the above hospitals between 
1944 and 1951 with the diagnosis of carcinoma of the 
cervix were reviewed. Of these 38 were not treated 
for various reasons: recurrent disease treated else- 
where and admitted only for consultation or termi- 
nal care (27), psychosis (1), anesthetic death (1), re- 
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fusal of treatment (1), and disease in a terminal 
stage (8). 

Five year survival rates were calculated in 3 
forms: relative, the cure rate among those who re- 
ceived treatment (359); definitive, where the result 
of treatment is known and excludes those lost to fol- 
low up or dying of intercurrent disease; and absolute, 
those treated (359) plus those untreated but with 
primary disease (11). 

The International Classification for Staging was 
used and the types of therapy were intracavitary 
radium, interstitial radium, radical hysterectomy, 
and external irradiation, either singly or in various 
combinations. 

The intracavitary radium was applied by the 
Curie technique such that point “A” received a dose 
between 7,009 and 8,000 r, being supplemented by 
external irradiation if necessary to bring the dosage 
up to this “adequate” level. In Stage 1 there were 65 
patients treated by this method. The relative cure 
rate was $6.9 per cent and the definitive cure rate 
68.5 per cent. In Stage 11 there were 42 patients. The 
relative cure rate was 40.5 per cent and the definitive 
cure rate 42.5 per cent. In Stage 11 only 2 of 12 
patients survived five years. In Stage Iv none of the 
6 treated patients survived. The over-all relative 
cure rate for this group was 44.8 per cent and the 
definitive cure rate 50.9 per cent. 

When the intracavitary radium technique was ap- 
plied to 18 patients with cancer of the cervical stump, 
the relative cure rate in Stage I was 43.0 per cent and 
in Stage 11, 30.0 per cent. There were no cures in 
Stages 111 or Iv. The over-all relative cure rate in this 
group was 27.7 per cent and the definitive cure rate 
29.4 per cent. 

Five patients with recurrent cancer of the cervix 
were treated with intracavitary radium, with 2 five 
year cures. 

Interstitial radium was used in 102 cases. The only 
patient in Stage 1 died of cancer at five years. In 
Stage 11 the relative cure rate was 50.0 per cent of 34 
cases. In Stage 111, it was 18.9 per cent of 53 cases. 
Comparing relative cure rates, the authors feel that 
since the more advanced lesions in Stages 11 and 11 
were selected for interstitial therapy, this suggests 
that interstitial therapy is slightly superior to intra- 
cavitary therapy for the treatment of bulky lesions. 

External irradiation only was the choice of therapy 
in 22 patients. Of these 13 had primary lesions, all 
relatively advanced, and 9 were recurrent cases. 
There were 3 apparent five year cures. 

Surgical therapy was the primary choice in 87 pa- 
tients, with most of these receiving either preopera- 
tive or postoperative external irradiation. For the 
most part early postoperative irradiation consisted 
of a tissue dose of 2,500 to 4,000 r to the lateral pelvic 
wall administered with 250 kv. over a period of four 
to six weeks. The relative survival rate for Stage 1 
was 86.5 and for Stage 11, 42.1 per cent. One of 6 
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patients with cervical stump carcinoma survived 5 
years or more. Three of to patients with recurrent 
cancer, following attempt to cure by radiation ther- 
apy, were salvaged by operation. At the time 76 of 
these patients were felt to have had “adequate” sur- 
gery. Of these, 67 had primary lesions, 48 of whom 
survived five years or more giving a 71.6 per cent 
relative survival rate in primary cases of Stages 1 and 

The absolute cure rate for the 370 includable pa- 
tients was 40.5 per cent. 

Comparing results between radical surgery and 
intracavitary radium in Stage 1, a rather marked dif- 
ference in relative cure rates of 86.5 per cent and 
56.9 per cent respectively was noted. This gap in re- 
sults becomes closed to some extent by the fact that 
the surgical results were favored by the inclusion 
in the group of a number of very early cases and the 
radium series weighted by the inclusion of a dis- 
proportionate number of patients in poor general 
health; that the operations were performed by or 
under the direction of 4 men, while the radium was 
applied by or under the supervision of 14 different 
men; and that more cases from the radium series were 
“lost” to follow up and therefore counted as “dead.” 

In Stage 1 neither procedure gives very satisfac- 
tory results, both being in the low 40’s for relative 
cure rates. 

Stage 111 and tv lesions were not subjected to sur- 
gery. The over-all Stage 11 five year survival was 

7.1 per cent and for Stage 1v there was only 1 five 
year survivor among 7 treated patients. 

The authors conclude by stating that the applica- 
tion of radical surgical methods of treatment to 76 
(22.0 per cent) of 335 cases of primary cervical can- 
cer has been ssadaiiied’ with a slight, but statistically 
not significant, improvement in the total cure rate.— 
Donald M. Monson, M.D. 


Rut.epce, Fetix N., and FLercHer, GILBERT 
H. Transperitoneal pelvic lymphadenectomy 
following supervoltage irradiation for squa- 
mous-cell carcinoma of the cervix. 4m. 7. 
Gynec., Aug.,1958,76, 321-334. (From: 
The University of Texas, M. D. Anderson 
Hospital and Tumor Institute, Houston, 
Texas.) 


This is a report on 100 transperitoneal lymphad- 
enectomies performed on consecutive cases of Inter- 
national Stage 111 squamous cell carcinoma of the 
cervix. These cases were treated by high dose radia- 
tion to the whole pelvis with the use of 22 mev. beta- 
tron followed by intracavitary radium therapy. This 
project was developed to evaluate the effectiveness of 
irradiation in destroying metastatic squamous cell 
carcinoma in the obturator, hypogastric, and exter- 
nal iliac lymph nodes. These can be covered by ex- 
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ternal radiation techniques. Kottmeier has _histo- 
logically proved this to be possible. 

The dose of radiation received by the various 
lymph node groups has been studied by measure- 
ments at the time of retroperitoneal lymphadenec- 
tomy, with the radium in situ. The amount of radia- 
tion is quite variable from group to group because the 
dose levels change very rapidly with short range 
radium therapy in obedience to the inverse square 
law. The imponderable of delivered dose, unless di- 
rect measurements are performed, renders impos- 
sible the correlation of dose level with histologic 
lymph node findings at some interval following com- 
pletion of radiation therapy. Classically, the inte- 
gral dose of external irradiation can be accurately 
calculated, but is too small to be cancerocidal per se. 
Radium therapy contributes most of the total dose 
upon the lymph nodes. 

Supervoltage roentgen therapy, or higher voltage 
equipment such as the betatron or linear accelerator, 
makes possible high homogeneous dosage to the en- 
tire pelvis. This en bloc irradiation allows correlation 
between the dose level and the incidence of meta- 
static involvement in the lymph node groups of in- 
terest. The geometric arrangement of two parallel 
opposing anterior-posterior and two lateral portals 
utilizing the 22 mev. betatron effects irradiation of 
the whole pelvis with no more than a 5 per cent 
variability from the midline dose. One has a known 
dosimetry; therefore, lymph node dosage can be de- 
termined with accuracy. 

The optimal interval between radiation therapy 
and transperitoneal lymphadenectomy is_ three 
months. This is sufficient for the full histologic 
change of radiation to develop without too extensive 
fibrosis. Longer delay may result in regrowth and 
extension of viable metastatic cancer. 

The geometry and distribution of fields and locali- 
zation techniques are detailed. Unless there is dis- 
ease very low in the vagina, part of the fifth lumbar 
vertebra is seen in the localization film. This indi- 
cates that the obturator, hypogastric and external 
iliac lymph nodes are included. The common iliac 
lymph nodes are at the field margin and their incor- 
poration is unassured. 

In the usual case a total tumor dose of 6,000 r is 
delivered to the pelvis in six weeks. At the comple- 
tion of this treatment, in the more favorable cases of 
Stage 111 carcinoma of the cervix, additional radium 
therapy is given, by means of either a tandem alone 
or a tandem and colpostats. The dose ranges from 
3,000 to 5,000 mg. hr. In the more advanced Stage 
Ill cases, i.¢., in the “frozen pelvis” or nearly frozen 
pelvis, the total dose can be increased up to 7,000 or 
8,000 r over a period of seven or eight weeks, respec- 
tively; in some of these cases, a greatly reduced 
amount of intracavitary radium has been added. 

Because of the great variability of distance from 
the radium source to the pelvic wall lymph nodes 
and the fact that in most Stage 111 cases the vault of 
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the vagina is not distensible, the maximum dose to 
the obturator lymph nodes is around 500 to 700 r 
and the dose to the hypogastric, external iliac, and 
common iliac lymph nodes from 300 to 500 r. This 
contribution from the radium is therefore less than 
10 per cent of the total dose received. The known 
dosimetry to the lymph node areas, accurate within 
10 per cent, can be correlated with gross anatomic 
and histologic findings at operation. 

The midline or low transverse incision and trans- 
peritoneal approach has proved superior for exposure 
and access to the upper abdomen for exploration. 
The surgical technique is described. At operation 
scar tissue of varying thickness was usually seen 
about the pelvic wall. Often fibrosis stopped at the 
level approximating the upper field margin. An un- 
anticipated complication of this procedure has been 
the occurrence of lymphocysts. This has been de- 
scribed as an encysted accumulation of fluid in the 
dissected area along the pelvic wall. The incidence 
was 31 per cent, and two-thirds of these were dis- 
covered within eight weeks after surgery. 

In review, the microscopic findings from the 
lymph nodes inside the field of radiation were sepa- 
rated from those lying outside. For study the lymph 
nodes which showed metastatic viable squamous cell 
carcinoma could be divided into those that were ir- 
radiated and those receiving no radiation. Any 
lymph node exhibiting incompletely destroyed can- 
cer cells was recorded positive. Lymph nodes within 
the radiation field which failed to demonstrate viable 
metastatic carcinoma were studied for residual evi- 
dence of destroyed metastatic carcinoma. It was pos- 
sible to demonstrate fragmented, necrotic cancer 
cells in some cases. Others showed advanced changes, 
but no “ghost cells.”” These were regarded as suspi- 
cious of destroyed carcinoma. A third group revealed 
more nonspecific change and was eliminated from 
the study. 

The poor prognosis of Stage 111 lesions merits ex- 
perimental attempts aimed at improving therapy 
status. Combining all series, an estimate of 50 per 
cent incidence for positive lymph nodes in Stage 111 
disease would be conservative. The incidence in this 
series of 22 per cent, including common iliac and 
periaortic lymph nodes, or 14 per cent for the pelvic 
lymph nodes proper, is statistically significant. The 
reflection of this reduced lymph node involvement in 
the actual salvage rate must await further observa- 
tion. The potential therapeutic value of an additional 
pelvic lymphadenectomy following high dose whole 
pelvis irradiation cannot be ascertained until suffi- 
cient time has elapsed for follow-up. Some modifi- 
cations in technique may have to be effected if pa- 
tient intolerance or later complications develop.— 


Fames F. Snider, M.D. 


Reeves, Joun D. Supervoltage x-ray and the 
cobalt bomb. South, M. F., Sept., 1958, 57, 
1183-1189. (From: The Departments of 
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Radiology, Harvard Medical School, and the 
Massachusetts General Hospital, Boston, 
Mass.) 


Supervoltage roentgen rays, energies of I mev. or 
more, and gamma rays emitted from cobalt 60, ener- 
gies of 1.1 and 1.3 mev., are both electromagnetic 
radiations and hence, are indistinguishable from each 
other once they have left their sources. Therefore as 
far as human tissue and tumors are concerned, the 
effect of these two radiations should be the same if 
their energies and conditions of application are the 
same. 

Under proper conditions both modalities (when 
compared with ordinary high voltage roentgen rays) 
offer: (1) increased depth dose—in the ratio of 25 
per cent of surface dose at 10 cm. for 200 kv., 50 per 
cent with 2 mev.; (2) greater forward scatter, and 
less side scatter and immediate back scatter radia- 
tion. The more sharply defined treatment fields re- 
sult in a decreased volume dose; and (3) skin and 
bone sparing since the point of maximum ionization 
moves further beneath the surface and the difter- 
ential absorption, in general, between bone and tis- 
sue decreases as the voltage increases. 

These advantages are reflected as benefits to the 
patient by: (1) increasing the absolute and relative 
tumor dose, (2) often allowing a more ideal distribu- 
tion of ionizing radiation in the tumor and con- 
comitantly notably diminishing the incidence and 
severity of radiation sickness, and (3) sparing skin 
and bone from many of the immediate and late ef- 
fects of radiation therapy. 

Supervoltage has a very practical upper limit in 
energy for clinical radiation therapy, determined as 
one approaches skin doses at the point of exit becom- 
ing significantly higher than the entrance skin dose 
and by the reappearance of differential bone absorp- 
tion with energies above 20 mev. 

The ideal selection of either a supervoltage roent- 
gen ray machine or a “Cobalt Bomb” for a particu- 
lar tumor or group of tumors rests largely on certain 
physical and mechanical factors of applicability 
rather than on any real or supposed difference in the 
two radiations. Both have their advantages and dis- 
advantages. In addition to the practical considera- 
tions of initial expense, which in general is higher for 
the supervoltage roentgen-ray machines, mainte- 
nance, which is more complicated with the electrical 
units but more expensive with the Co units because 
of replacement of the source every three to five 
years, and problems in radiation protection, which 
are more difficult and thus more hazardous with a 
constantly emitting source, the following factors also 
merit appropriate study: (1) radiation output in 
r/min. at useful treatment distances (quantity of 
radiation, which, in general, is greater in supervolt- 
age roentgen-ray machines); (2) half value thickness 
(quality of radiation, which, in general, again is 
higher in supervoltage roentgen-ray machines); 


Abstracts of Radiological Literature 553 


(3) roentgen tube target and/or Co™ source size 
(smaller in roentgen-ray machines thus resulting in 
a smaller penumbra); (4) size and shape of treat- 
ment fields (greater flexibility with more homogeneous 
surface dose distribution with electrical units); and 
(5) availability and applicability of rotation and 
convergent beam techniques (more flexibility with 
the less bulky Co® unit). 

The author feels that the clinical application of 
supervoltage roentgen rays and gamma rays will con- 
tinue to show distinct advantages; that their proper 
application will continue to be recognized and uti- 
lized to the benefit of the patient.—Donald M. Mon- 
son, M.D. 


Israet, S. Leon. The repudiation of low-dos- 
age irradiation of the ovaries. 4m. F. Obst. & 
Gynec., Aug., 1958, 76, 443-446. (From: The 
Department of Gynecology-Obstetrics, Grad- 
uate School of Medicine, University of 
Pennsylvania, Philadelphia, Pa.) 


Low dosage irradiation of the pituitary gland and 
ovaries has been utilized to correct abnormalities of 
menstrual rhythm and anovulatory sterility. This 
form of therapy, though effective, is of most em- 
piric employment. 

The advocates of this technique realized salvatory 
clinical results in properly selected patients without 
immediate adverse effects. They largely disregarded 
the possibility of long term genetic effects—muta- 
tions of germ plasm dormant until many generations 
hence. 

A table of clinical argument in advocation of this 
technique and the rather convincing genetic rebut- 
tal are presented. This table reiterates that: (1) there 
is no threshold dose of gonadal radiation below which 
mutations are not produced; (2) most mutations are 
more or less deleterious; (3) the mutant genes are not 
completely recessive; (4) the harmful recessive genes 
do not produce their maximum effect except when 
inherited from both parents; however, the efficiency 
of one normal gene is rarely equal to that of two. 

In these instances slight damage may result which 
progeny perpetuates. While these sublethal genetic 
effects may not be evident immediately, extensive 
mutation may be ‘‘marked” and may lead to abor- 
tion or still birth of “unknown etiology.” 

To most investigators low dosage therapy to the 
pituitary gland alone is of dubious value. The au- 
thor finds no objection to its continued use (the 
gonadal dose is approximately o.1 r). Citing the re- 
curring recommendations aimed at reducing the 
hazards of ionizing radiation to future generation 
however, a plea is made to aid in the preservation of 
our genetic legacy by abandoning low dosage irradia- 
tion of the ovaries in the gynecologic problems de- 
scribed.— F. Snider, M.D. 


Enc_e, Rosert B. The treatment of myxoma- 
tous cutaneous cysts. Radiology, July, 1958, 
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71, 93-95. (Address: St. Luke Hospital, 
Pasadena, Calif.) 


Myxomatous cutaneous cysts were first described 
in 1880 by Jones and Markins of St. Thomas Hospi- 
tal, London. Only 30 cases have been recorded in the 
literature to date. 

The author reports 4 additional cases. Clinically, 
the myxomatous cutaneous cysts present as smooth, 
globular, thin-walled cysts on the dorsal aspects of 
the finger overlying a joint, usually the distal inter- 
phalangeal joint, and situated a little to one side of 
the midline. Only one case of involvement of a toe 
has been reported. They range in size from 4 to 12 
mm. in diameter and project 2 to 3 mm. above the 
skin surface, are not reducible by pressure and oc- 
casionally have a central umbilication. They arise 
from the corium, and therefore move with the over- 
lying skin which may have a faint yellow or bluish 
cast. They may be asymptomatic or slightly painful. 
Approximately 75 per cent occur in women. They 
are thought to arise from focal degeneration or re- 
sorption of the collagen in a localized area of derma. 
The resulting mucoid material collects in multiple 
sinall cystic areas which gradually disintegrate and 
coalesce to form the large cyst which is seen clin- 
ically. Trauma has been suggested as a possible etio- 
logic factor, although no conclusive explanation has 
yet been accepted. 

Treatment by drainage, curettage, cautery, ful- 
guration or surgical excision has not been too success- 
ful; the lesions almost invariably recur. Irradiation, 
either with radium or roentgen rays is recommended. 
Although further studies of optimal quality and 
quantity of radiation are indicated, present experi- 
ence suggests that 1,500 to 2,000 r, depending on the 
half-value layer used, may be necessary to achieve 
their control.—Z. Petrany, M.D. 


RADIOISOTOPES 


BEIERWALTES, H. Nodular goiter: di- 
agnosis and treatment with radioactive io- 
dine. G. P., Aug., 1958, 47, 111-119. (From: 
Department of Internal Medicine and the 
Clinical Radioisotope Unit, University Hos- 
pital, Ann Arbor, Mich.) 


This article consists of a review of the physiologic 
basis and clinical behavior of nodular goiter followed 
by a lucid summary relating to the management of 
this disease. All aspects of diagnosis and treatment 
are covered in a general way but there is special 
emphasis on the role of I". The usefulness of scin- 
tillation scanning as a means of differential diagnosis 
is well demonstrated in the text and accompanying 
illustrations. 

The author avoids technical details and contro- 
versial issues inasmuch as the article was prepared 
for general practitioners. In the section dealing with 
treatment of toxic nodular goiter by radioiodine it is 
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not made clear that the clinical improvement is de- 
layed and that very large doses are often required.— 
P. F. Cavanaugh, M.D. 


ALBRIGHT, Epwin C., Soper, Parry D., and 
Crumpton, W. I*-induced hypo- 
thyroidism in intractable angina pectoris. 
Ann. Int. Med., Aug., 1958, 49, 271-277. 
(From: The Department of Medicine, Uni- 
versity of Wisconsin Medical School, Madi- 
son, Wis.) 


Twenty-four cases are reported in which I"! ther- 
apy was given for severe angina pectoris. The cri- 
teria used to select the patients were: (1) presence of 
severe angina, (2) angina that failed to respond to 
conventional medical therapy; (3) the duration of 
the angina was long enough that a spontaneous re- 
mission was unlikely; (4) the symptoms were stable 
or slightly progressive, but were causing partial dis- 
ability; and (5) the life expectancy was estimated to 
be long enough to develop hypothyroidism. Hyper- 
cholesterolemia was not considered to be a contra- 
indication. 

The patients’ ages varied from forty -one to seven- 
ty years. The duration of the angina was from one 
month to ten years. Six patients had angina at rest 
and 6 had evidence of cardiac decompensation. 
Fourteen patients gave a history of a previous myo- 
cardial infarction. 

A single dose of I! was given and repeated at in- 
tervals of three months if necessary. The dose was 
determined according to the estimated weight of the 
thyroid gland times the desired tissue concentra- 
tion of I"! (usually 200-300 uc/mg.) divided by the 
I twenty-four hour uptake. The total dose varied 
from 12 mc to 106 mc. The total number of doses 
varied from I to 4 per patient and averaged about 2. 

Fifteen (62.5 per cent) of the patients obtained ex- 
cellent results in that the angina disappeared or 
showed a marked decrease in severity and frequen- 
cy despite increased activity. Eight (33 per cent) of 
the patients obtained good or worthwhile results in 
that there was a decrease in frequency and severity of 
the attacks on the same activity level or the same 
frequency and severity with increased activity. One 
case showed no improvement. 

The degree of symptomatic improvement gen- 
erally paralleled the degree of hypothyroidism. 
There were several patients who obtained excellent 
results with only minimal hypothyroidism and there 
were several who had less favorable results with se- 
vere hypothyroidism. 

None of the side effects such as radiation thy- 
roiditis, nausea, temporary hypermetabolism and 
hematologic depression were encountered. The symp- 
toms of hypothyroidism were sufficiently disturb- 
ing in some patients to require administration of 
desiccated thyroid in daily doses of 8 to 32 mg. A 
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significant increase in frequency of the angina has 
not occurred with thyroid administration. 

It is emphasized that the induced hypothyroidism 
is only palliative and that the atherosclerotic process 
in the coronary arteries continues and eventually the 
angina will re-occur. 

I®induced hypothyroidism is effective in treat- 
ing selected cases of angina pectoris.—Charles W. 
Cooley, M.D. 


Wo E., and ScHNnerper, K. W. The 
blood volume after plasma and blood trans- 
fusions. Germ. med. Monthly, Aug., 1958, 3, 
237-240. Original article in the Deutsche med. 
Wehnschr., 1958, 83, 1117. (From: The De- 
partment of Medicine, University of Wiirz- 
burg, Wurzburg, Germany.) 


The effect on active plasma and blood volumes of 
84 plasma and 49 blood transfusions is presented. 
The volume of each transfusion was about 440 to 450 
ml. The blood volume was measured using the 
Evans blue method. The red cell volume was calcu- 
lated from the hematocrit reading. Simultaneous 
measurements were made in 131 cases using the 
radioactive P* or Cr! methods. The mean values 
between the Evans blue and radioisotopic methods 
showed good agreement. Some workers found small- 
er red cell volumes using P* or Cr*! as compared to 
the indirect method from the hematocrit readings. 

Observations made up to eighteen hours after 
transfusions showed an increase in plasma and blood 
volumes in 62 per cent of the plasma transfusions 
and 47 per cent of the blood transfusions. The circu- 
lating blood volume was increased after transfusions 
only when there was an initial deficiency in blood or 
plasma. The excess blood apparently passed into the 
blood reservoirs and the excess plasma passed into 
the extravascular compartment. 

Plasma transfusions are preferable to blood trans- 
fusions when an increase in active blood volume is 
desired and the bone marrow is normal.— Charles W. 


Cooley, M.D. 


Mescuan, Isapore, and Taytor, C. Frep. 
Adaptation of polaroid x-ray paper prints to 
radioisotopic scanner technics. Radiology, 
June, 1958, 70, 868-869. (Address: I. 
Meschan, Bowman Gray School of Medicine, 
Winston-Salem, N. C.) 


The authors describe a technique for utilizing a 
polaroid radiograph as the background for the hash- 
mark type of scanogram. This permits accurate local- 
ization of isotopes in nodules in relation to the rest 
of the structure being studied as well as the locali- 
zation in reference to the adjacent bony structures. 
This method ts believed to be a definite improvement 
over merely indicating by crude adaptation certain 
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landmarks in relation to the various scans obtained. 
—Donald N. Dysart, M.D. 


Patey, Kari R., Soper, S., and 
Yatow, Rosatyn S. Effect of oral and intra- 
venous cobaltous chloride on thyroid func- 
tion. ¥. Clin. Endocrinol. Metabol., Aug., 
1958, 78, 850-859. (From: The Isotope 
Laboratory of the Lenox Hill Hospital, New 
York and the Radioisotope Service of the 


Veterans Administration Hospital, Bronx, 


The authors quote four reports from recent litera- 
ture, in two of which the influence on thyroid func- 
tion of cobaltous chloride in therapeutic doses is 
shown by a consistent depression of I'* uptake, 
whereas the others find no observable effect. 

In the present study, doses of 37.5 mg. cobalt as 
chloride per day were given orally for 6 to 25 days or 
0.§ to $.5 mg. intravenously over 6 to 23 minutes 
and the thyroidal I'*! uptake compared before and 
after cobalt therapy. The results are rather inconclu- 
sive, 3 out of 6 cases in the oral group showing re- 
duced I'*' uptake and complete discharge of activity 
following 1 gm. of intravenous sodium thiocyanate; 
one of the nonresponsive subjects was also unaffected 
by thiocyanate. A similar response was found in 3 of 
the 7 patients receiving intravenous cobaltous chlo- 
ride, although the effect of thiocyanate was less 
marked, probably because of the reduced dosage 
used. The use of higher dosage levels of cobalt to 
eliminate individual variations is prohibited by the 
toxicity, evidence of which was already found in 4 
of the 8 oral subjects. 

Where interference with thyroid function occurs, 
this is due to a blockage of protein binding as demon- 
strated by the effect of sodium thiocyanate and ap- 
pears to take place im vivo at lower levels than in 
vitro. 

Other factors having considerable influence on the 
observed effects are the variable absorption of cobalt 
administered orally and the periodic fluctuations in 


plasma cobalt levels following ingestion.—Raymond 
S. Quick, B.S. 


Wels, Epmunp B., Jr., Bruns, Paut D., and 
Tay or, E. Srewarr. A comparative study 
of the disappearance of radioactive sodium 
from human uterine muscle in normal and 
abnormal pregnancy. 4m. F. Obst. & Gynec., 
Aug., 1958, 76, 340-346. (From: The Depart- 
ment of Obstetrics and Gynecology, Uni- 
versity of Colorado School of Medicine, Den- 
ver, Colo.) 


The time for the activity, measured at the site of 
injection into the myometrium of § uc of radioactive 
sodium chloride (Na”Cl), to decrease to half value 
shows marked variations after about the twentieth 
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week between normal and complicated pregnancies. 
In a series of 127 cases, the half value time, which for 
64 normal full term pregnancies averaged 4 minutes, 
was reduced to 3.5 minutes for uncomplicated prema- 
ture delivery but increased to 7.7 minutes for compli- 
cated prematures and 8.2 minutes with toxemia. 
Patients having poor obstetric histories showed little 
change in the half value of 6 to 6.5 minutes following 
four weeks estrogen therapy. Thus, the increased 
half life is related more to the complications of preg- 
nancy, most of which were vascular in nature, than 
to the period of delivery. 

It is emphasized that the relation between radio- 
active tracer studies and myometrial circulation time 
or uterine blood flow is still not clear—Raymond S. 
Quick, B.S. 


Nyperc, Woimar, GrAsBeck, RALPH, and 
Sippoia, VArno. Urinary excretion of radio- 
vitamin By in carriers of Diphyllobothrium 
latum. New England F. Med., July 31, 1958, 
259, 216-219. (From: The Department of 
Medicine, Vasa Central Hospital, Vasa, the 
Fourth Medical University Clinic, Maria 
Hospital, Helsingfors, and the Central Hos- 
pital of North Carelia, Joensuu, Finland.) 


The impaired vitamin B,: absorption in nonanemic 
carriers of the fish tapeworm Diphyllobothrium 
latum, previously demonstrated by the fecal excre- 
tion of radiovitamin Bis, is investigated by the 
simpler Schilling urinary test, commonly employed 
in the diagnosis of pernicious anemia. 

The fasting subjects received oral doses of 0.1- 
0.3 wc of Co vitamin By, followed ninety minutes 
later with 1 mg. vitamin By intramuscularly, and 
the twenty-four hour urinary excretion (expressed as 
a percentage of the oral dose) was determined by 
counting after evaporation to a small volume. For 
50 normal control subjects the mean urinary excre- 
tion was about 16 per cent, with a range of 4 to 30 
per cent, compared with the mean value of about 1 
per cent and a range of 0 to 2 per cent found for 16 
patients with genuine pernicious anemia. Repetition 
of the test in 26 of the normals produced no signifi- 
cant alteration in the values. In the case of 50 appar- 
ently nonanemic tapeworm carriers, the urinary ex- 
cretion for 31 was lower than any normal values 
found, 10 were borderline and g in the normal range. 
Following expulsion of the worm, repeated tests 
showed that values for 35 cases were now normal, 8 
were borderline and 5 below normal of which 3 were 
in the pernicious anemia range. Generally, urinary 
excretion is less than normal during the first week 
after cure but increases to the normal range in later 
repeated tests; it is noted that, if normal values are 
found with the worm in situ, there is an increase after 
expulsion. 

Possible mechanisms for the diversion of By by 
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the worm are discussed and variation between tape- 
worm species is described.—Raymond S. Quick, B.S. 


MISCELLANEOUS 


Huckstep, R. L., and Bopkin, P. E. Vagotomy 
in hypertrophic pulmonary osteoarthropa- 
thy associated with bronchial carcinoma. 
Lancet, Aug. 16, 1958, 2, 342-345. (From: 
Middlesex Hospital, London, W.1, England.) 


The authors report 2 patients with inoperable 
pulmonary carcinoma and severe hypertrophic pul- 
monary osteoarthropathy treated by vagotomy. Im- 
mediate relief of the disabling pain occurred. The as- 
sociated edema and, in one case, the gynecomastia 
also disappeared. The possible mechanism of hyper- 
trophic pulmonary osteoarthropathy is discussed, 
and a nervous reflex is favored. 

The authors feel that despite the fact that the 
condition is rare, patients who undergo thoracoto- 
my for an unresectable carcinoma of the bronchus 
should have a vagotomy on the side of the lesion 
done as a routine. In inoperable cases with hyper- 
trophic pulmonary osteoarthropathy, this should be 
done where possible. The authors believe that by 
this relatively minor operation, these patients would 
not only be saved much pain and misery but will also 
possibly live many months of active life.—Peter C. 
Truog, M.D. 


Josse, Joun W., and Zacks, Sumner I. Thy- 
moma and pancytopenia; report of a case and 
review of the literature. New England fF. 
Med., July 17, 1958, 259, 113-117. (From: 
The Department of Medicine and the 
James Homer Wright Pathology Labora- 
tories, Massachusetts General Hospital, Bos- 
ton, Mass.) 


An uncommon tumor (thymoma) concomitant 
with an uncommon blood dyscrasia (pancytopenia) 
is the subject of this case report. There are 12 other 
such cases acceptable to the authors in the literature. 
It is not determined whether this occurrence is more 


than chance.—Henry F. Klos, M.D. 


Perese, D. M., Murpny, W. T., and Parsons, 
J. A. Acute radiation changes in the Purkinje 
cells; a study of C3H mice and a patient sub- 
jected to fractionated ionizing radiation. 
Radiology, June, 1958, 70, 855-859. (Ad- 
dress: D. M. Perese, Roswell Park Memorial 
Institute, Buffalo, 3, N. Y.) 


In an experimental study to determine the acute 
radiation changes in the Purkinje cells and Golgi 
network, the craniums of 20 C3H mice were irradi- 
ated with total roentgen doses varying from 267 r to 
5,340 r, fractionated into daily doses (in air) of 267 r 
(half-value layer 1.4 mm. Al, 100 kvp.). Twenty con- 
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trol mice received the same dose of barbiturate as 
the irradiated animals and were killed simultaneous- 
ly, twenty-four hours after the last exposure of the 
experimental animal to irradiation. The brains of 
the mice were stained with hematoxylin-eosin and 
Golgi stains. The silver-impregnated Purkinje cells 
were counted and the Golgi network was studied. 

The hematoxylin-eosin stained preparations in the 
irradiated mice showed no marked abnormality as 
compared with the controls, except for the one mouse 
which received 5,340 r. In this mouse an occasional 
Purkinje cell showed vacuolization and edema, and 
others appeared smaller and narrower than the nor- 
mal Purkinje cell. The Golgi stained preparations re- 
vealed changes which were not present in the control 
animals. There were various degrees of retispersion 
and retisolution of the Golgi network in the mice re- 
ceiving between 2,670 r and 5,340 r. There was a 
sudden drop in the number of Purkinje cells to 50 
per cent of normal when the total dose reached 5,340 
r. However, none of the animals showed any recog- 
nizable alteration in behavior. 

Similar acute changes in the Golgi network of the 
Purkinje cells were observed in biopsy specimens 
from a patient receiving 800 r within twenty-three 
days during rotation therapy of the pituitary gland. 


—Walter H. Farvis, Fr., M.D. 


Gunz, F. W., Borruwick, R. A., and Roties- 
Ton, G. L. Acute leukaemia in an infant 
following excessive intrauterine irradiation. 
Lancet, July 26, 1958, 2, 190-192. (From: 
Christchurch Hospital, Christchurch, New 


Zealand.) 


A ten month old infant was admitted to the hospi- 
tal with a pustular rash, a history of easy bruising for 
six weeks and marked palor. Physical examination 
revealed cervical adenopathy, hepatomegaly and 
splenomegaly. The blood picture was diagnosed as a 
myelomonocytic type of acute granulocytic leu- 
kemia. Despite treatment, the infant developed a 
staphylococcal septicemia and died on the eleventh 
hospital day. Diagnosis was confirmed by _post- 
mortem examination. 

The patient was a fourth child, the previous three 
siblings being normal. The mother was very obese 
and in this pregnancy, because of doubt about the 
position of the fetus 3 roentgenographic examina- 
tions were done with a total of 5 exposures. Dosage 
to the center of the fetus was calculated at 25 r. 

This quantity of radiation was about the same as 
that probably received by the majority of the inka’i- 
tants of Hiroshima and Nagasaki who survived t -e 
atomic bombing at distances of 1,500 to 2,000 meters 
from the hypocenter—a dose great enough to raise 
the leukemia incidence among them by 200 to 300 
per cent, compared with people in the “control” 
zone. The short latent period between irradiation 
and the onset of the leukemia could be explained as 
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the response of more actively growing tissues in a 
very young infant. 

It may be significant that the leukemia was granu- 
locytic. Since nearly all reported postirradiation leu- 
kemias have been granulocytic, it seems advisable 
to analyze future cases of granulocytic leukemia in 
infancy with particular care as regards exposure to 
radiation. 

Subsequent to the roentgenographic examination 
of the patient’s mother, the technique for obstetrical 
exposure at the hospital was altered by: (1) addi- 
tional tube filtration of 2 mm. of aluminum; (2) the 
use of high-speed screens; (3) doubling development 
time of the film; (4) increasing the anode film dis- 
tance in erect lateral roentgenograms from 40 inches 
to 60 inches; and (5) use of high kilovoltage tech- 
nique. 

It was calculated that if these factors had been 
used in the case under discussion, the dose to the cen- 
ter of the fetus would have been approximately 1.9 r. 
The importance of correct technique in the roent- 
genography of obstetrica! cases is thereby strongly 
emphasized.—Les/ie K. Sycamore, M.D. 


Brizzee, K. R., Carton, F. M., and Virate, 
D. E. Effects of selective placement of lesions 
in lower brain stem structures on x-irradia- 
tion emesis in the dog. Anat. Rec., March, 
1958, 730, 533-542. (From: Department of 


Anatomy, University of Utah College of 
Medicine, Salt Lake City, Utah.) 


The chemoreceptor trigger zone for emesis has 
been shown to be the central, prereticular site of 
mediation for the emetic response, initiated by cer- 
tain specific stimuli including motion sickness, total 
body roentgen irradiation, and vomiting induced by 
drugs such as cardiac glycosides, apomorphine, hy- 
dergine, and morphine. Best available evidence indi- 
cates this trigger zone is an area postrema which 
closely approximates other vital structures including 
the vestibular system, visceral afferent relay nuclei, 
part of the visceral efferent system and nuclei of the 
proprioceptive system. 

In this study lesions induced by thermal coagula- 
tion were placed in or about area postrema in a 
group of dogs. It was found that complete ablation of 
area postrema confers complete protection against 
roentgen irradiation emesis at 1,200 r. Lesions in- 
duced in immediately adjacent areas, did not give 
this protection. It is still uncertain whether protec- 
tion conferred due to postrema ablation is due to 
destruction of a central mediating structure or 
simply interruption of an afferent pathway. 


A. H. Hall, M.D. 


E.urncer, F., Cook, E. B., and Morgan, J. E. 
Lethal effect of 200, 2000 KVP X- and ®Co 
gamma rays in guinea pigs. Atompraxis, Jan., 
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1958, 4, 17-23. (Address: F. Ellinger, Naval 
Medical Research Institute, Naval Medical 
Center, Bethesda, Md.) 


To investigate the lethal effect of total body ir- 
radiation under different conditions of radiation ge- 
ometry, with and without saturation backscatter, 
658 stock guinea pigs were divided into 5 experi- 
mental groups: (A) those irradiated PA at 200 kv. 
peak with added scattering material; (B) PA, 200 kv. 
peak, but without added scattering material; (C) ir- 
radiated unilaterally at 200 kv. peak, without added 
scattering material; (D) PA, 2,000 kv. peak, with 
added scattering material; and (E) irradiated 47 
with Co® (2,400 curie) without added scattering ma- 
terial. 

Doses varying from 325 to 750 r in air were ad- 
ministered in one exposure. Postirradiation observa- 
tion continued over a period of twenty days, al- 
though the percentage mortality on the fifteenth day 
was used for calculations since no significant change 
in mortality usually occurs after this date. 

It was demonstrated that the lethal effect of a 
stated type of ionizing radiation may depend to a 
large extent on the conditions of exposure. With 200 
kv. peak, the LDso0/15 was 350 r in air for the guinea 
pigs irradiated PA with saturation backscatter, but 
increased to 425 r in air with the elimination of scat- 
tering material. Further decreased mortality was 
noted with the lateral exposures, the LD50/15 being 
raised to 483 rin air. This being contrary to expecta- 
tions, respective midline doses were measured. Since 
no significant difference could be ascertained, as- 
sumption of a different lethal mechanism suggests it- 
self as an alternative explanation. 

It was also shown that irradiation with 2 types of 
roentgen rays (namely 200 and 2,000 kv. peak), al- 
though administered under the same exposure ge- 
ometry and conditions of saturation backscatter, 
may differ considerably in the mortality rates pro- 
duced. Respectively, the LD50/15 days were 350 
and 508 r in air. This considerably lesser mortality 
produced by the 2,000 kv. peak radiation appears 
attributable to a difference in specific ionization or 
linear energy transfer. 

Surprisingly, again, a still further decrease in mor- 
tality was observed with the use of Cosp gamma rays 
in 4m geometry. Comparing it with the 2,000 kv. 
peak radiation there was no difference in the half- 
value layer and essentially none in the intensity 
(r/min.), but the respective LDjo/15 days values 
were $55 and 508 r in air. A possible explanation for 
this is that Co® gamma radiation is practically 
monochromatic, while radiation generated at 2,000 
kv. peak may show a contribution of secondary radi- 
ation phenomena amounting to about 15 per cent of 
the dose measured in air on the surface of a unit in- 
tensity phantom. 

The authors suggest that in view of the fact that 
in one animal species the same type of radiation, if 
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administered with variation in the exposure condi- 
tions, produces significantly different mortality 
rates, and also, that a change in the type of ionizing 
radiation may cause very significant differences in 
mortality, that utmost reserve be used in the extra- 
polation to man of quantitative data concerning radi- 
ation mortality in animals. The need for further 
studies leading to a suitable parameter permitting 
such extrapolations is emphasized.—Donald M. 
Monson, M.D. 


Brown, W. M. Court, and Dott, R. Expecta- 
tion of life and mortality from cancer among 
British radiologists. Brit. M. 7., July 26, 
1958, Vol. 2, 182-187. (Address: Director of 
the Medical Research Council’s Group for 
Research on the General Effects of Radi- 


ation, Western General Hospital, Edinburgh, 
Scotland.) 


This is a comprehensive study of the causes of 
death of 1,277 male British radiologists during a 
60-year period from 1897 to 1957, with particular 
reference to possible shortening of life span or an ex- 
cess of malignancies in this group. In this survey, the 
study population was divided into those members 
entering the profession before 1921 and those enter- 
ing after that time. This date was used as it repre- 
sents the year of the formation of the British X-ray 
and Radium Protection Committee. 

From their data these authors conclude that the 
expectation of life of British radiologists is similar to 
that of other men of comparable social status and 
has not been substantially altered by occupational 
exposure to radiation. This finding, they state, is all 
the more striking when the analysis is confined to 
those radiologists entering the population before 
1921. The authors state further that the present 
study provides no evidence of an aging effect in man 
under the circumstances of radiation exposure ex- 
amined. In reference to malignancy, they state that 
in the pre-1921 group the number of deaths from 
cancer of the skin was significantly greater than the 
expected incidence in a comparable social class; evi- 
dence was also found of an excess of deaths from 
cancer of the pancreas. Only two deaths are attrib- 
uted to leukemia; the disease, however, was sel- 
dom recognized in the early part of the century, and 
less than one case would have been expected statis- 
tically. In the post-1921 group no evidence of in- 
creased malignancy was found, but they caution that 
it may yet be too early to be sure that the cancer 
hazard has not been elevated. 

The conclusion concerning the applicability of 
their findings is that under modern working condi- 
tions, the personnel of medical radiological depart- 
ments does not run any substantial risk of: (1) a re- 
duction in the expectation of life from nonspecific 
aging effect or, (2) increased mortality from the com- 
mon forms of cancer. They recognize, however, that 
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the studies are not based on a large population group 
and that a very small risk could be missed. The find- 
ings suggest that so long as care is taken to observe 
the recommended measures of protection the long- 
term somatic risks of radiation will be very small.— 
George Tievsky, M.D. 


GILLIAM, ALEXANDER G., and WALTER, WIL- 
L1AM A. Trends of mortality from leukemia 
in the United States, 1921-55. Pub. Health 
Rep., Sept., 1958, 73, 773-784. (From: Field 
Investigations and Demonstration Branch, 
National Cancer Institute, National Insti- 
tutes of Health, Public Health Service, 
Bethesda, Md.) 


The significant conclusion of this bio-statistical 
study is that the presently evident trends in death 
rate due to leukemia offer no support for a theory 
that leuakemogenic factors in the American environ- 
ment have increased sharply within the last fifteen 
years. On the contrary, the data suggest that if these 
trends persist they will eventually result in stabiliza- 
tion or actual decline in the leukemia death rate for 
all ages. 

The steady decrease in rate of increase in leukemia 
mortality in every age group among the white popu- 
lation under seventy-five years of age is entirely con- 
sistent with a theory of recent decrease in exposure 
of the general population to whatever causes operate 
to induce the disease.—George Tievsky, M.D. 


KimsaLi, A. W. Evaluation of data relating 
human leukemia and ionizing radiation. F. 
Nat. Cancer Inst., Aug., 1958, 27, 383-391. 
(From: Oak Ridge National Laboratory, 
Oak Ridge, Tenn.) 


This article is a critical discussion of the statistical 
reliability of existing data which relate human leu- 
kemia to ionizing radiation. Conclusions reached by 
some observers reveal a confidence in the accuracy of 
estimated leukemia rates which is difficult to justify. 
Several sources of error are outlined in detail and 
their effect on the use of certain standard statistical 
methods is illustrated. 

The author feels that available data are insufficient 
to support any conclusion about the shape of the 
radiation dose-leukemia response curve, particularly 
in the low dose region. Statements attributing great 
accuracy to radiation-induced leukemia rates in hu- 
man populations are open to serious question, par- 
ticularly those which suggest a strictly linear dose- 
response relationship.—George Tievsky, M.D. 


Cocan, Davin G. Ocular effects of radiation. 
New England F. Med., Sept. 11, 1958, 259, 
517-520. (From: Howe Laboratory of Oph- 
thalmology, Harvard University Medical 
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School and Massachusetts Eye and Ear In- 
firmary, Boston, Mass.) 


The author discusses the effects of various types 
of radiation on the eye, and how the anatomic pe- 
culiarities of the eye make this organ especially vul- 
nerable to particular bands of radiation. Unlike the 
skin, the eye has no protective covering of keratin, 
and in contrast to the other exposed mucous mem- 
branes it is only a few cells thick. Thus, ultraviolet 
radiations, as from a welder’s arc or occasionally 
from the sun and from therapeutic sun lamps, may 
cause a painful keratitis with exposures that cause 
only a minor erythema elsewhere. 

The lens of the eye has features that make it es- 
pecially vulnerable to certain types of radiation. It 
is avascular and has no effective cooling system, and 
is therefore susceptible to infrared and microwave 
radiations which dissipate their heat at the depth 
of the lens. The lens is also especially vulnerable in 
that its constituent cells are enclosed in a capsule 
that permits no exchange of cells with the rest of the 
body. There is no possibility of summoning macro- 
phages or drawing on a reservoir of replacement cells 
as with the reparative processes elsewhere in the 
body. 

The retina also has its peculiar susceptibilities in 
that the refractive media of the eye focus certain por- 
tions of the spectrum on the back of the eye. Ultra- 
violet rays are focused by the refractive media, but 
owing to their high absorption and scattering they 
do not normally reach the retina in harmful inten- 
sity. On the other hand, the visual and short infra- 
red rays may be sufficiently concentrated to cause a 
burn of the retina. This has come into recent promi- 
nence by the discovery that the atomic bomb may 
cause burns of the retina, and this at distances great- 
er than 40 miles. It is noted that the size of the pupil 
is critical for this type of burn, and therefore the 
amount of prevailing illumination is important. 
Thus, after the Hiroshima bombing, which occurred 
on a bright, sunny morning, there was only one case 
of a possible retinal burn whereas with the Nevada 
explosions, which occurred at night, there were a 
number of such accidents. 

Chief interest at present centers properly about 
the effects of ionizing radiations. The relatively soft 
roentgen rays, those formed with a potential of 75 kv. 
or less, will be absorbed superficially and cause sim- 
ply a keratoconjunctivitis. The same thing applies 
to beta particles having an energy of not more than 
1-2 mev. On the other hand, the harder roentgen 
rays, gamma rays and neutrons penetrate the eye 
more effectively and may cause, in addition to kera- 
toconjunctivitis, cataracts and occasionally retinal 
damage. The formation of radiation cataracts and 
other types of cataracts is discussed, and it is noted 
that, contrary to popular belief, irradiation does not 
hasten or in any way influence the development of 
other types of cataracts.—D. S. Kellogg, M.D. 
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Loumann, Tu., and Rusens, H. Ein photo- 
elektrischer Belichtungsautomat ftir uni- 
verselle Anwendung. (An automatic photo- 
electric timer for universal use.) Réntgen 
Blatter, Feb., 1958, 77, 49-58. (Address: Th. 
Lohmann, and H. Rubens, Kruppstr. 96, 
Essen, Germany.) 


The phototimer described consists of a photomulti- 
plier tube and fluorescent screen in the form of a 
chamber of 17X17 cm. size and 12 mm. thickness, 
which is located between the patient and the roent- 
gen-ray cassette and the necessary control device 
which terminates the exposure when the desired 
level is reached. 

This set-up has the advantage over the conven- 
tional arrangement where the fluorescent screen is 
behind the cassette that no special cassettes are 
necessary; furthermore, the resulting exposure is 
relatively independent from the kilovoltage, the 
thickness of the part examined and the speed of the 
intensifying screens. 

Measurements with high speed, par-speed and de- 
tail screens, with 50-110 kv. peak, and with phan- 
toms of 6, 10 and 14 cm. thickness show a variation 
in film density of +7 per cent with cone and +10 
per cent without cone. 

For construction details the original article should 
be consulted. The device is manufactured by Koch 
and Sterzel Co. and sold under the trade name 
“Luminix.”—Karol E. Matzinger, M.D. 


Witson, G. M., Kitparrick, R., Eckert, H., 
Curran, R. C., Jepson, R. P., BLomFie tp, 
G. W., and Mitter, H. Thyroid neoplasms 
following irradiation. Brit. M. F., Oct. 18, 
1958, 2, 929-934. (From: The Departments 
of Pharmacology and Therapeutics, Pathol- 
ogy, and Surgery, University of Sheffield, and 
the Sheffield National Center for Radiother- 
apy, Sheffield, England.) 


Nine cases of thyroid neoplasms in patients who 
had previously been exposed to ionizing radiation 
are reported. Seven of these were indisputably malig- 
nant, and in 6 extraglandular extension or metastases 
had occurred. Six were papillary carcinomas (al- 
though one also showed follicular elements) and 1 
was anaplastic carcinoma. The 2 patients who were 
regarded not definitely malignant because of ab- 
sence of local invasion and metastases showed mi- 
totic figures and were considered to have premalig- 
nant adenomas. 
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Five of the patients had had irradiation of the 
neck during infancy for nevus, keloid, or eczema. In 
these, the period between irradiation and recognition 
of a mass ranged from five to eighteen years. Two 
patients had been irradiated for thyrotoxicosis at the 
ages of twenty-six and twenty-one years respectively, 
and one had an anaplastic carcinoma thirty-seven 
years later, the other an adenoma twenty-two years 
later. 

In 5 patients who had been irradiated for cutane- 
ous lesions, the initial and maximal development of 
the carcinoma was in the part of the thyroid receiv- 
ing the greatest exposure. The type of radiation used 
was radium in § patients and roentgen rays in 4 pa- 
tients. The estimated dose of roentgen irradiation, 
calculated at depth of thyroid (2 cm.), was 260 r in 
one part of the gland of an infant who had carcinoma 
eight years later; 300 r to thyroid gland of a teen-age 
girl who had carcinoma seventeen years later; and 
in the 2 adults who were treated for thyrotoxicosis 
the dosage details were not available but probably 
the thyroid gland received a dose in excess of 200 r. 

The authors feel that exposure in childhood pre 
disposes to the appearance of thyroid neoplasm but 
that the association in adults is less certain. Three of 
these cases have been previously reported.—Lois 
Cowan Collins, M.D. 


Goo.pen, A. W. G. Carcinoma of the thyroid 
following irradiation. Brit. M. F., Oct. 18, 
1958, 2, 954-955. (From: M.R.C. Radio- 
therapeutic Research Unit, Hammersmith 
Hospital, and New End Hospital, London, 
England.) 


An increased incidence of thyroid carcinoma and 
leukemia has been reported in children following ir- 
radiation of the thymic area, without visible evidence 
of skin damage. Only one instance of thyroid cancer 
developing in a patient who had had irradiation to 
the thyroid gland given during adult life has been 
reported previously. 

Three cases of follicular carcinoma of the thyroid 
gland are here reported, one eighteen years after 
thyroid irradiation at age of eighteen years, one 
thirty-eight years after thyroid irradiation at age of 
eleven years, and one forty-one years after thyroid 
irradiation at age of twenty-eight years. 

A large scale survey to find out whether irradiation 
of the thyroid gland in adult life increases the inci- 
dence of thyroid cancer is recommended.—Lois 
Cowan Collins, M.D. 
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